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PREFATORY STATEMENT OF SYMBOLIC 
CONVENTIONS 


THE purpose of the following observations is to bring togetler in one 
discussion various explanations which are required in applying the theory 
of types to cardinal arithmetic. It is convenient to collect these observations, 
since otherwise their dispersion throughout the several numbers of Part ΠῚ 
makes it difficult to see what is their total effect. But although we have 
placed these observations at the beginning, they are to be read concurrently 
with the text of Part ΠῚ, at least with so much of the text as consists of 
explanations of definitions, The earlier portion of what follows is merely a 
résumé of previous explanations; it is only in the later portions that the 
application to cardinal arithmetic is made. 


I. General Observations on T'ypes. 


Three different kinds of typical ambiguity are involved in our propositions, 
concerning: 
(1) the functional hierarchy, 
(2) the propositional hierarchy, 
(8) the extensional hierarchy. 
The relevance of these must be separately considered. 


We often speak as though the type represented by small Latin letters 
were not composed of functions. It is, however, compatible with all we have 
to say that it should be composed of functions. It is to be observed, further, 
that, given the number of individuals, there is nothing in our axioms to show 
how many predicative functions of individuals there are, ve. their number 
is not a function of the number of individuals: we only know that their 


gNe‘Indiv 


number > , where “Indiv” stands for the class of individuals. 


In practice, we proceed along the extensional hierarchy after the early 
numbers of the book. If we have started from individuals, the result of this 
is to exclude functions wholly from our hierarchy; if we have started with 
functions of a given type, all functions of other types are excluded. Thus 
a fresh extensional hierarchy, wholly excluding every other, starts from each 
type of function. When we speak simply of “the extensional hierarchy,” we 
mean the one which starts from individuals. 


It is to be observed that when we have the assertion of a propositional 
function, say “t. da,” the « must be of some definite type, 1.6. we only assert 
that da is true whatever # may be within some one type. Thus eg. “Ε΄ ὦ =x” 
does not assert more than that this assertion holds for any ὦ of a given type. 
It is true that symbolically the same assertion holds in other types, but other 
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types cannot be included under one assertion-sign, because no variable can 
travel beyond its type. 


The process of rendering the types of variables ambiguous is begun in *8 
and *9, where we take the first step in regard to the propositional hierarchy. 
Before *8 and *9, our variables are elementary propositions. These are such as 
contain no apparent variables. Hence the only functions that occur are matrices, 
and these only occur through their values. The assumption involved in the 
transition from Section A to Section B (Part I) is that, given “+. fp,” where 
p isan elementary proposition, we may substitute for p “gd! (a, y, 2,...),” where 
¢ is any matrix. Thus instead of “Ε. fp,” which contained one variable p of 
a given type, we have “F . f{@! (a, y, 2, ...)},” which contains several variables 
of several types (any finite number of variables and types is possible). This. 
assumption involves some rather difficult points. It is to be remembered 
that no value of ᾧ contams ¢ as a constituent, and therefore ᾧ is not a 
constituent of fp even if p is a value of ¢. Thus we pass, above, from an 
assertion containing no function as a constituent to one containing one or 
more functions as constituents. The assertion “+. fp” concerns any elemen- 
tary proposition, whereas “+. f fp! (a, y, 2, ...)}” concerns any of a certain set 
of elementary propositions, namely any of those that are values of ¢. 
Different types of functions give different sorts of ways of picking out 
elementary propositions. 


Having assumed or proved “Ε. fp,” where p is elementary and therefore 
involves no ambiguity of type, we thus assert 


Ff {pi (a, y, 2, ....}}, 

where the types of the arguments and the number of them are wholly 
arbitrary, except that they must belong to the functional hierarchy including 
individuals. (The assumption that propositions are incomplete symbols 
excludes the possibility that the arguments to ¢ are propositions.) The note- 
worthy point is that we thus obtain an assertion in which there may be any 
finite number of variables and the variables have unlimited typical ambiguity, 
from an assertion containing one variable of a perfectly definite type. All 
this is presupposed before we embark on the propositional hierarchy. 


It should be observed that all elementary propositions are values of 
predicative functions of one individual, ie. of φ} 8, where @ is individual. 
Thus we need not assume that elementary propositions form a type; we may 
replace p by “hia” in “F. fp.” In this way, propositions as variables wholly 
disappear. 


In extending statements concerning elementary propositions so as formally 
to apply to first-order propositions, we have to assume afresh the primitive 
proposition *1‘1]1 (1-1 is never used), te. given “Ε, pa” and “ς da  ψα," 
we have “+. x,” which is practically *#9:12. This was asserted in 4111 
for any case in which gx and we are elementary propositions. There was 
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here already an ambiguity of type, owing to the fact that « need not be 
an individual, but might be a function of any order. Eig. we might use 
#*1-11 to pass from 


“Figdla” and “F.gd!adgpib” to “Ε, pth,” 


where ¢ replaces the « of "111, and φ la, 4! b replace φίξ and ψῷ. Thus 
*1°11, even before its extension in *9, already states a fresh primitive propo- 
sition for each fresh type of functions considered. The novelty in *9 is that 
we allow ᾧ and y to contain one apparent variable. This may be of any 
functional type (including Indiv); thus we get another set of symbolically 
identical primitive propositions. In passing, as indicated at the end of x9, 
to more than one apparent variable, we introduce a new batch of primitive 
propositions with each additional apparent variable. 


Similar remarks apply to the other primitive propositions of *9. 


What makes the above process legitimate is that nothing in the treat- 
ment of functions of order n presupposes functions of higher order. We can 
deal with each new type of functions as it arises, without having to take 
account of the fact that there are later types. From symbolic analogy we 
“see” that the process can be repeated indefinitely. This possibility rests 
upon two things: 

(1) A fresh interpretation of our constants—v, ~, !, (z)., (10) .—at each 
fresh stage; 


(2) A fresh assumption, symbolically unchanged, of the primitive propo- 
sitions which we found sufficient at an earlier stage—the possibility of avoiding 
symbolic change being due to the fresh interpretation of our constants. 


The above remarks apply to the axiom of reducibility as well as to our 
other primitive propositions. If, at any stage, we wish to deal with a class 
defined by a function of the 30,000th type, we shall have to repeat our 
arguments and assumptions 30,000 times. But there is still no necessity to 
speak of the hierarchy as a whole, or to suppose that statements can be made 
about “all types.” 


We come now to the extensional hierarchy. This starts from some one 
point in the functional hierarchy. We usually suppose it to start from 
individuals, but any other starting-point is equally legitimate. Whatever type 
of functions (including Indiv) we start from, all higher types of functions 
are excluded from the extensiona! hierarchy, and also all lower types (if 
any). Some complications arise here. Suppose we start from Indiv. Then if 
@!2 is any predicative function of individuals, 2(¢!z)=$!2. But if we 
adopt the theory of «20, as opposed to that suggested in the Introduction 
to the second edition, identity between a function and a class does not have 
the usual properties of identity; in fact, though every function is identical 
with some class, and vice versa, the number of functions is likely to be 
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greater than the number of classes. This is due to the fact that we may have 
B(piz)=pl2.2(plz)=y!2 without having p!?=y 12. 

In the extensional hierarchy, we prove the extension from classes to 
classes of classes, and so on, without fresh primitive propositions (#20, #21) 
The primitive propositions involved are those concerning the functional 
hierarchy. 


From al! these various modes of extension we “see” that whatever can 
be proved for lower types, whether functional or extensional, can also be 
proved for higher types*. Hence we assume that it is unnecessary to know 
the types of our variables, though they must always be confined within some 
one definite type. 


Now although everything that can be proved for lower types can be 
proved for higher types, the converse does not hold. In Vol. I only two 
propositions occur which can be proved for higher but not for lower types. 
These are q!2 and q!2,. These can be proved for any type except that of 
individuals. It is to be observed that we do not state that whatever is true 
for lower types is true for higher types, but only that whatever can be proved 
for lower types can be proved for higher types. If, for example, Ne‘Indiv =», 
then this proposition is false for any higher type; but this proposition, 
Ne‘Indiv = ν, is one which carmot be proved logically; in fact, it is only 
ascertainable by a census, not by logic. Thus among the propositions which 
can be proved by logic, there are some which can only be proved for higher 
types, but none which can only be proved for lower types. 


The propositions which can be proved in some types but not in others all 
are or depend upon existence-theorems for cardinals. We can prove 
10, q!l, universally, 
ῃ 12, except for Indiv, 
18, π 4, except for Indiv, Cl‘Indiv, Ri‘Indiv; and so on. 


Exactly similar remarks would apply to the functional hierarchy. In both 
cases, the possibility of proving these propositions depends upon the axiom 
of reducibility and the definition of identity. Suppose there is only one 
individual, 2 Then ἢ) τε ᾧ, 9+ are two different functions, which, by the 
axiom of reducibility, are equivalent to two different predicative functions. 
Hence there are at least two predicative functions of a, and at least two 
classes t‘x, A,. This argument fails both for classes and functions if either 
we deny the axiom of reducibility or we suppose that there may be two 
different individuals which agree in all their predicates, 1,6. that the definition 
of identity is misleading. 

The statement that what can be proved for lower types can be proved for 
higher types requires certain limitations, or rather, a more exact formulation. 


* But cf. next page for a more exact statement of this principle. 
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Taking Indiv as a primitive idea, put 
Kl=Cl*Indiv Df, KP?=Cl*K) Df, ete. 
Then consider the proposition Ne‘Kl =A. We can prove 
Ne‘Kl né‘Indiv=A.qiNefKlatKl. qi NefKl a ἐΚ]", ete. 

Thus Ne‘K]=A can be proved in the lowest type in which it is significant, 
and disproved in any other. The difficulty, however, is avoided if Indiv is 
replaced by a variable a, and K1 by Cl‘t,‘a. Then we have 

Ne‘Cl%,fa a fa =A, 
and this holds whatever the type of a may be. Thus in order that our 
principle about lower and higher types may be true, it is necessary that any 
relation there may be between two types occurring in a proposition should be 
preserved; in other words, when one constant type is defined in terms of 
another (as K] and Indiv), the definition must be restored before the type is 
varied, so that when one type is varied, so is the other. With this proviso, 
our principle about higher and lower types holds. 


With the above proviso, the truth of our statement is manifest. For we 
have shown that the same primitive propositions, symbolically, which hold 
for the lowest type concerned in our reasoning, hold also for subsequent 
types; and therefore all our proofs can be repeated symbolically unchanged. 


The importance of this hes in the fact that, when we have proved a 
proposition for the lowest significant type, we “see” that it holds in any 
other assigned significant type. Hence every proposition which is proved 
without the mention of any type is to be regarded as proved for the lowest 
significant type, and extended by analogy to any other significant type. 


By exactly similar considerations we “see” that a proposition which can be 
proved for some type other than the lowest significant type must hold for 
any type in the direct descent from this. #.g. suppose we can prove a propo- 
sition (such as ἢ 12) for the type Kl (where Kl=Cl‘Indiv); then merely 
writing Cl‘Indiv for Kl, we have a proposition which is proved concerning 
Indiv, namely Ἡ 1 2 ¢‘Cl‘Indiv, and here, by what was said before, Indiv 
may be replaced by any higher type. 


Thus given a typically ambiguous relation R, such that, if 7 is a type, 
R‘r is a type (Cl or Rl is such a relation), we “see” that, if we can prove 
o(RIndiv), we can also prove ¢(K‘r), where 7 is any type, and ¢ is 
composed of typically ambiguous symbols. Similarly if we can prove 
@ (Indiv, R‘Indiv), we can prove φίτ, R‘r), where 7 is any type. But we 
cannot in general prove ᾧ (Indiv, R‘r) or ¢(7, R‘Indiv), and these may be 
in fact untrue. E.g. we have ἢ ! Ne (Ki)‘Indiv . ~q ! Ne (K1)‘KI?. 


Thus more generally, when a proposition containing several ambiguities 
can be proved for the types R‘Indiv, S‘Indiv, ..., but not for lower types, it 
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is to be regarded 888, function of Indiv, and then it becomes true for any 
type; that is, given 

φ (RIndiv, S‘Indiv, ...), 
we shall also have φ( τ, Sr, ...), 


where 7 is any type. In this way, a/l demonstrable propositions are in the 
first instance about Indiv, and when so expressed remain true if any other 
type is substituted for Indiv. 


When a proposition containing typically ambiguous symbols can be proved 
to be true in the lowest significant type, and we can “see” that symbolically 
the same proof holds in any other assigried type, we say that the proposition 
has “permanent truth.” (We may also say, loosely, that it 1s “true in all 
types.”) When a proposition containing typically ambiguous symbols can be 
proved to be false in the lowest significant type, and we can “see” that it is 
false in any other assigned type, we say that it has “permanent falsehood.” 
Any other proposition contaming typically ambiguous symbols is said to be 
“fluctuating,” or to have “fluctuating truth-value,” as opposed to “permanent 
truth-value,” which belongs to propositions that have either permanent truth 
or permanent falsehood. 


In what follows, ambiguities concerned with the propositional hierarchy 
will be ignored, since they never lead to fluctuating propositions. Thus dis- 
junction and negation and their derivatives will not receive explicit typical 
determination, but only such typical determination as results from assigning 
the types of the other typically ambiguous symbols involved. 


It is convenient to call the symbolic form of a propositional function 
simply a “symbolic form.’ Thus, if a symbolic form contains symbols of 
ambiguous type it represents different propositional functions according as 
the types of its ambiguous symbols are differently adjusted. The adjustment 
is of course always limited by the necessity for the preservation of meaning. 
It is evident that the ideas of “permanent truth-value” and “fluctuating truth- 
value” apply in reality to symbolic forms and not to propositions or propo- 
sitional functions. Ambiguity of type can only exist in the process of 
determination of meaning. When the meaning has been assigned to a 
symbolic form and a propositional function thereby obtained, all ambiguity 
of type has vanished. 


To “assert a symbolic form” is to assert each of the propositional functions 
arising for the set of possible typical determinations which are somewhere 
enumerated, We have in fact enumerated a very limited number of types 
starting from that of individuals, and we “see” that this process can be 
indefinitely continued by analogy. The form is always asserted so far as the 
enumeration has arrived; and this is sufficient for all purposes, since it is 
essentially impessible to use a type which has not been arrived at by succes- 
sive enumeration from the lower types. 
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The only difficulties which arise in Cardinal Arithmetic in connection 
with the ambiguities of type of the symbols are those which enter through 


the use of the symbol sm, or of the symbol Ne, which is sm, For it may 
happen that a class in one type has no class similar to it in some lower type 
(cf. *102°72'73). All fallacious reasoning in cardinal or ordinal arithmetic in 
connection with types, apart from that due to the mere absence of meaning 
in symbols, is due to this fact—in other words to the fact that in some types 
q!Ne‘a is true, and in other types q!Ne‘a may not be true. The fallacy 
consists in neglecting this latter possibility of the failure of q!Ne‘a for a 
limited number of types, that is, in taking the “fluctuating” form q!Ne‘“a 
as though it possessed a “permanent” truth-value, 

A fluctuating form however often possesses what is here termed a 
“stable” truth-value, which is as important as the permanent truth-value 
of other forms. For example, anticipating our definitions of elementary 
arithmetic, consider 24+,3=5, There is no abstract logical proof that there 
are two individuals; so stippose 2 and 3 refer to classes of individuals, but 
5 refers to classes of a high enough type, then with these determinations 
2+,3=5 cannot be proved. But 2+,3=5 has a stable truth-value, since 
it can always be proved when all the types are high enough. In this case 
the fact that our empirical census of individuals (at least of the “relative” 
individuals of ordinary life) has outrun the capacity of logical proof, makes 
the fluctuation in the truth-value of the form to be entirely unimportant. 


In order to make this idea precise, it is necessary to have a convention 
as to the order in which the types of symbols in a symbolic form are assigned. 
The rule we adopt is that the types of the real variables are to be first 
assigned, and then those of the constant symbols. The types of the apparent 
variables, if any, will then be completely determinate. 

A symbolic form has a stable truth-value if, after any assignment of types 
to the real variables, types can be assigned to the constant symbols so that 
the truth-value of the proposition thus obtained is the same as the truth-value 
of any proposition obtained by modifying it by the assignment of higher types 
to some or all of the constant symbols. This truth-value is the stable truth- 
value. 


Il. Formal Numbers. 


The conventions, which we shall give below as to the assignment of types, 
practically restrict our interpretation of fluctuating symbolic forms to types 
in which the forms possess their stable truth-value. The assumption that 
these truth-values are stable never enters into the reasoning. But we judge 
a truth-value to be stable when any method of raising the types of the 
constant symbols by one step leaves it unaltered. 

In practice the fluctuation of truth-values only enters into our considera- 
tion through a limited number of symbols called “formal numbers.” 
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Forma! numbers may be “constant” or “functional.” 


A constant formal number is any constant symbol for which there is a 
constant ἃ such that, in whatever type the constant svmbol is determined, 
it is, in that type, identical with Ne‘a. In other words if o be a constant 
symbol, then o is a formal number provided that “truth” is the permanent 
truth-value of σ = Ne‘a, for some constant ἃ. 


The furctional formal numbers are defined by enumeration; they are 
Nets, ΣΝοίκ, TINe‘«, sm “p, ter, mo Xe, PB, 
where in each formal number the symbols a, x, μ, » occurring in it are called 
the arguinents of the functional form even when they are complex symbols. 
The argument of Ne‘(a+ 8) 1s a+ 8, and those of ~+,(v+,@) are » and 
y+, a, and those of 1 +,2 are 1 and 2. 


Thus among the constant formal numbers are 
0, 1, 2, ..., &%, 14+.2, 9. Χο δὲ, 2% 
The references which support this statement are 
Ἐ10Τ11 21.592. #12336 . #11042 , #113-23 . #116-23. 
Among the functional formal numbers are 
Ne(a+8), μιοί(ν τω}, (eter) χε, (Ue ter)?. 
It will be observed that eg. 1+,2 is both a constant and a functional formal 


number, so that the two classes are not mutually exclusive. In fact they 
possess an indefinite number of members in common. 


All the formal numbers, with the exception of sm‘ and μ --ν, are 
members of NC without any hypothesis [cf. *100°41-01-52 . *110°42.*112°101. 
#113°23 . 1141. *116°23, note to #119:12, and *120°4111. 


A functional formal number consists of two parts, namely, its argument 
or arguments, and the constant “form.” An argument of a functional 
formal number may be a complex symbol, and may be constant or variable. 
Thus 4+,» is an argument of (u4+,v)+,p, and of (μ τς ν) Χς 1 and of 
(u+,vy; also 2+,3is an argument of (2+,3)x,1. The constant form is 
constituted by the other symbols which are constants. Two occurrences of 
functional formal numbers are only oceurrences of the same formal number 
if the arguments and also the constant forms are identical in symbolism, 
Thus two occurrences of Ne‘a are occurrences of the same formal nuinber, 
even if they are determined to be in different types; but Ne‘a and Ne‘# are 
different formal numbers. Also μ' and #X_1 are different formal numbers 
because their “forms” are different, though the arzuments » and 1 are the 
same and (in the same type) the entity denoted is the same. Thus the 
distinction between formal numbers depends on the symbolism and not on 
the entity denoted, and in considering them it is symbolic analogy and not 
denotation which is to be taken into account. For example two different 
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occurrences of the same formal number will not denote the same entity, if in 
the two occurrences the ambiguity of type is determined differently. 


The functional formal numbers are divided into three sets: (i) the 
primary set consisting of the forms Ne‘a, = Ne‘«, II Ne‘«, (ii) the argumental 
set consisting only of sm‘, (111) the arithmetical set consisting of ter, 
2 Χον, MY, and w—,v. 

A functional formal number has at most two arguments. But an argument 
of a functional formal number may itself be a functional formal number, and 
will accordingly possess either one or two arguments, which in their turn may 
be functional formal numbers, and so on, The whole set of arguments and of 
arguments of arguments, thus obtained, is called the set of components of the 
original formal number. Thus y, v,p and « +, v are components of (μ +, ν) +, p; 
and μ, ν and sm“ are components of »+,sm‘‘u; and μ, a and Ne‘a are com- 
ponents of «+, Ne‘a. The two arguments of (u+,v)+,.p are w+, and p, and 
those of ν +,sm‘“p are ν and sm‘, and those of 4+, Ne“a are »w and Ne‘a. 


Addition, multiplication, exponentiation, and subtraction will be called 
the arithmetical operations; and in μον, “Xv, μ', μτπτεν, w and ν will each 
be said to be subjected to these respective operations. The arithmetical 
components of an arithmetical formal number (2.6. one belonging to the 
arithmetical set) consist of those of its components which do not appear in 
the capacity of components of a component which does not belong to the 
arithmetical set. Thus y, », p, μ “Ἐς v are arithmetical components of (μ +.) +62; 
and ν and sm“‘w are arithmetical components of y+,sm‘‘y, but μ is not one; 
and » and Ne‘a are arithmetical components of 4+, Ne‘a, but ἃ is not one; 
and μ and sm‘{v+, p) are arithmetical components of «1 +,sm“(v+, 9), but 
y+,p and v and p are components of sm“(v +, ) and are therefore not arith- 
metical components of u+,sm‘(»+,p). Only arithmetical formal numbers 
possess arithmetical components. 

A formal number of the arithmetical set having no components which are 
formal numbers of the argumental set is called a pure arithmetical formal 
number. For example « +, (v -Ἐς ρ) and μι +, Nea are pure, but μ +,sm““(v +, p) 
and 4+, sm‘*Ne‘e are not pure. 

There are many types involved in the consideration of a formal number. 
For example, in Ne‘a there is the type of Ne“a and of a; in z+,» there is the 
type of w+,», the type of μ, and the type of v; and so on for more complex 
formal numbers. The type of a formal number as a whole in any occurrence 
is called its actual type. This is the type of the entity which it then repre- 
sents, 

The other types involved in a formal number in any occurrence are called 
its subordinate types. 

The actual types are not indicated in the symbolism for the various formal 
numbers as stated above. They can be indicated relatively to the type of the 
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variable ξ by writing Ne (£)a, smz*“p, (u teres (Mm Χον)ε (μ"}»» ( —9)e, by the 
notation of #65. Even when the actual type of a complex formal number, such 
as 2 +,(v+,%), is settled—so for instance that we have {u+,.(v+,=)};—the 
meaning of the symbol is not completely determined, for the type of v+,o 
remains ambiguous. It follows, however, from 

*100°511 . *110'23 . #113°26 . Κ11061 62, 


that the subordinate types make no difference to the value of a formal number, 
so long as the components are not null. 


We can therefore make a formal number definite as soon as its actual 
type is definite by securing that its components are not null. This is done by 
the convention II T (below) combined with the definitions 

*110°03-04 . Κ] 18.045, #1160304. 


When the subordinate types are adjusted in accordance with these definitions 
and conventions, they will be said to be normally adjusted. 


But in order to state this convention II T we require a definition of what 
is here called the adequacy of the actual type of a formal number. The general 
idea of adequacy is simple enough, namely that, given the subordinate types 
of o, the actual type of o should be high enough to enable us logically to 
prove q!o when such a proof is possible for types which are not too low. For 
example, all types except the lowest for which it has meaning are adequate 
for the constant formal number 2. It is rather difficult however to state the 
meaning of adequacy with precision in a manner adapted to ali formal numbers, 
Fortunately the definition of the lowest type which corresponds to this general 
idea of adequacy is not important for our purposes. It will be sufficient to 
define as adequate some types which certainly do have the property in question. 


The method of definition which we adopt is to replace the formal number 
o by another one σ΄ so related to o that with the same actual type for both 
we can prove ἢ 1 σ΄. 9.1 ἴ σ, whenever o is not equal to Ain all types. If σ 
be functional, we need only consider its argument, or its two arguments, and 
can dismiss from consideration the other components; then we replace these 
arguments by others so that the σ΄ has the required property. Thus: 
(i) The actual types of Ne‘a, 2Ne‘«, II Ne‘«, and sm‘‘u are adequate when 
we can logically prove 
a! Ne‘t,‘a, τ ΣΝ κα, qiTNet,‘«, and q!sm“t‘u; 
(ii) The actual types of μ᾿ τον, μ--εν, M Χεν, and pw” are adequate when we 
can logically prove 
AiNcthtut Neti, q! N.c't‘p —.0 A ἐρίν, 
WEN Ομ xX, Noctitv, and wt N,cttSpNoet'y, 
It will be noticed that ἐρία, ἔκ, and ἐρέμ are the greatest classes of the same 
type as a,x, and » respectively, and that N,c‘é,‘~ and N,c‘t,‘y are the greatest 
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cardinal numbers of the same type as « and ν respectively. These definitions 
hold even when any of a, x, 4, ν are complex symbols. 


The remaining formal numbers which are not functional must certainly 
be constant. The difficulty which arises here is that if « be such a formal 
number and &, occurs in its symbolism, we have no logical method of deciding 
as to the truth or falsehood of ἢ [ δὲ, in any type. But we replace δὲ, by N,o‘t,*&, 
which is the greatest existent cardinal-of the same type as &, in that occur- 
rence. Thus: 


(iii) If o be a formal number which is not functional, an adequate actual 
type of σ is one for which we can logically prove q!o', where σ΄ is derived 
from o by replacing any occurrence of &, in o by N,c*t,°&,. Accordingly if &, 
does not occur in a, an adequate type is any actual type for which we can 
logically prove ἢ ἴ σ. 

In the case of members of the primary and argumental groups we have 
substituted the V of the appropriate type in the place of each variable. When 
the actual type is adequate we have 

(a). GE Nota, (x). qi aNe‘«, (x). ἃ ΗΝ οίκ, (u).qism pz. 

In the case of members of the arithmetical group (except in the case of 
μ--αν), we have substituted for each argument the largest cardinal number 
which can be obtained in the type of that argument, namely the N,c‘V for 
the V of the appropriate type. Accordingly we are sure (except in the case of 
μ. -τὸ νὴ that for all other values of the arguments which are existent cardinal 
numbers the formal number is not null. 


It will be noticed that normal adjustment only concerns the subordinate 
types. For example *110-03 secures that in Ne‘a+, » the actual type of Ne‘a 
is adequate, and «110-23 shows that any adequate actual type of Ne‘a will do. 
But nothing is said about the actual type of Ne‘a+, μ. We make the following 
definition: When the subordinate types of a formal number are norn.ally 
adjusted, and the actual type is adequate, the types of the formal number are 
said to be arithmetically adjusted. 


We notice that for the primary set, the arithmetical adjustment of types 
means the same thing as the adequate adjustment of the actual type. Also if 
the arguments of a formal number of the arithmetical set are simple symbols, 
the two ideas come to the same thing. 


In the case of variable formal numbers of the primary set, it follows from 
*117-22'32 that when their types are arithmetically adjusted they are not 
equal to A for any values of their variables. 


Also in the case of those variable formal numbers which are of the pure 
arithmetical set (excluding —,v) it follows from *100°4:52°42 .*113'23 .*116°23 
that, working from the ultimate components reached by successive analysis 
upwards, for all values of such ultimate components which are members 

R& Wit ἂ 


xviil PREFATORY STATEMENT 


of NC —1*A they can be reduced to the case of the formal numbers of the 
primary group; and that therefore they are not equal to A when their types 
are arithmetically adjusted. For example in μ +. {¥ to(p te)}, μ, % Pp» σ᾿ are 
these ultimate components; let them be existent cardinal numbers, Hence 
when the types are arithmetically adjusted, the actual type of p+,o 18 
adequate and p+,¢ is an existent cardinal; we can therefore substitute N,c‘a 
for it. By the same reasoning we can substitute N,c‘@ for v +, N.c‘a, and again 
N,e*y for # τὸ Noe‘. 

A definite standard arithmetical adjustment of types for any formal number 
can always be found by making every use of sm, whether explicit or concealed 
in Ne or in some other symbol, to be homogeneous. Proofs which apply to any 
arithmetical adjustment of types start by dealing with this standard type, 
and then by the use of #10421. #10621-211- 212-218 the extension is made 
to the adjacent higher classical and relational types. We then “see” that by 
the analogy of symbolism this extension can always be formally proved at each 
stage, so that we are dealing with the stable truth-value. For some constant 
formal numbers a lower existential type can be found than that indicated by 
this method. 


III. Classification of Occurrences of Formal Numbers. 


A symbolic form of any of the kinds [ef. *117-01-04'05:06] 
ey Wey, μξξν, WRy, 
is called an arithmetical inequality. 


These forms only arise when we are comparing cardinal numbers in respect 
to the relation of being “greater than” or “less than.” It might seem natural 
to include equations among these arithmetical inequalities. Their use however, 
even as between cardinal numbers, is not so exclusively arithmetical, and it is 
convenient to consider them separately under another heading during our 
preliminary investigations. 


In the arithmetical inequalities as above written, μ and ν, or any symbols 
replacing and », are called the opposed sides of the inequality, and either of 
p or ν is called a side of the inequality. 


Symbolic forms of the kinds στε « and o + x, where either σ or « is a formal 
number, will be called equations and znequations respectively; and o and « are 
called the opposed sides of the equation or inequation, and either of them 18 
simply a side of the equation or inequation. 


When we reach the exclusively arithmetical point of view, it will be con- 
venient to put together equations, inequations and arithmetical inequalities 
as one sort of symbolic form. Their separation here is for the sake of investi- 
gations into the exceptions due to the failure of existence theorems in low 
types. It is unnecessary to consider arithmetical inequalities in this connection. 
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The ways in which a symbol o can occur in a symbolic form are named as 
follows: 


The occurrence of o in sm‘‘o is called an argumental occurrence, 

The occurrence of σ as an argument of an arithmetical formal number 
(which may be a component of another formal number) or as one side of an 
arithmetical inequality is called an arithmetical occurrence, 

The occurrence of o as one side of an equation is called an equational 
occurrence, 


The occurrence of σ in “feo” is called an attributive occurrence, 
Any other occurrence of σ' is called a logical occurrence, so also is σ = A. 


It is obvious that a pair of opposed sides of an equation or inequation 
must be of the same type. Furthermore, if o be a formal number, and *20-18 
is applied so as to give 

ἔ:στεκ.. 9: }(σ).Ξ. ἐ(κ), 
the equational occurrence of σ must be of the same type as its occurrence 
in f(c), otherwise the inference is fallacious. Accordingly substitution in 
arithmetical formulae can only be undertaken when the conventions as to the 
relations of ambiguous types secure this identity. This question is considered 
later in this prefatory statement, and the result appears in the text as 
*118°01. 

At this point some examples will be useful; they will also be referred to 
subsequently in connection with the conventions limiting ambiguities of type. 
*100°35. Fiq!tNefa.v.qiNes@:3: 

Ne‘a=Ne'8.=.aeNe'8.=.8eNea.=.asmB 

Here the formal numbers are Ne‘a and Ne‘8, each of which has three 
occurrences. The first occurrence of Νοία is logical, its second is equational, 
and its third is attributive. 

*100°42 (in the demonstration). 
FipveNC.qiunv.d.(qa,8).u= Nea. v=Ne'S. Ne‘a=NeP 

Here Ne‘a and Ne‘@ are the only formal numbers, and all their occurrences 

are equational. 


*100°44 (in the demonstration). 
KiweNC.q!Nefa.aeu.d.(q8).u=Ne'8. Nea=Nes 
Here Ne‘a and Ne‘ are the only formal numbers; the first occurrence of 


Nea is logical, its second is equational; both the occurrences of Ne‘ are 
equational. 


#100511. b:q 1 Νοβ. 9. Βα ΝΟ. β = Ne 


Here the formal numbers are Nc‘8 and sm‘*Nec*@. The first occurrence of 
Nec‘@ is logical, the second is argumental, the third is equational; the only 
occurrence of sm‘‘Nc‘8 is equational. 

δ 
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«100521. F:weNC.q ism “yp. >. sm“sm“u =p 

Here sm‘‘z and sm‘‘sm“‘y are the only formal numbers; sm“ has two 
occurrences, the first logical, the second argumental; sm‘‘sm‘‘ has one occur- 
rence, which is equational. 
101-28 (in the demonstration). 

Fivyesm“1.=.(qa).-ael.ysma 

Here the formal numbers are 1 and sm‘‘l. The first occurrence of 1 is 
argumental, the second 15 attributive; the occurrence of sm‘“‘1 is attributive. 
#10138. F:q!2.3.8CIl"2=O0ul v2 

Here the formal numbers are 0, 1, and 2, and their occurrences are all 
logical. . 
#11054. |+.(Ne‘a+, Ne‘8)+, Ne“y = Ne(a+ 8+ 7) 

Here the formal numbers are 

Ne‘a, Ne‘8, Ne‘y, Ne‘(a+B+y), Nefa+, NeB, (Ne‘a+, Ne‘B) +, ΝΟ. 

The occurrence of Nc‘(a + 8 +) and that of (Nc‘a+, Nce‘8)+, Ne“y are both 
equational, and they must be of the same type since they are opposed sides 
of the same equation. The occurrences of the other formal numbers are as 


arithmetical components of a more complex arithmetical formal number and 
are therefore arithmetical. 


*116°63. Ε. pr Xo = (μ")5 


The formal numbers are v Χοῖσ, μ', μὴ χεσ and {(μ")5. Each formal number 
occurs once only. The occurrences of » x,@ and μ' are arithmetical, and those 
of the other two are equational. 


#117108. bs. Ne‘a 5 Ne‘8.=: Ne‘a > Ne'8.v. Ne‘a=Ne'8 

The formal numbers are Ne‘a and Ne‘@, each with three occurrences. 
The first two occurrences of each formal number are arithmetical, the last 
occurrence of each is equational. 

#12053 (in the demonstration). 
b:B=y7t+,6.q!8.D.a% τε αν x, a? 

Here the formal numbers are y +, ὃ, a®, αΥ, αὐ, ΑΥ x,a°, Each formal number 
has one occurrence. Those of y +, ὃ, αβ and a’ Χο αὐ are equational, and those of 
ay and αὐ are arithmetical. 

Ἀ120 58 (in the demonstration). 
Γιαδτεαν, βτεγ τ, διη !αβ, 2. αὖ =a’ x, αὐ 

Here the formal numbers are αβ, a”, αὖ, aY x,a°, y+, 8. The first occurrence 

of a? is equational, its second occurrence is logical; the first two occurrences of 


a are equational, its third occurrence is arithmetical; the only occurrence of a? 
18 arithmetical; the only occurrences of αὐ x, αὐ and of y +, ὃ are equational. 
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IV. The Conventions IT and IT. 


Two occurrences of a formal number with the same actual type are said to 
be bound to each other. 


The choice of types for formal numbers, when they are not made definite 
in terms of variables by the notation of *65, is limited by the following con- 
ventions, which enable us to dispense largely with the elaboration produced 
by the definition of types. 


IT. All logical occurrences of the same formal number are in the same 
type; argumental occurrences are bound to logical and attributive occurrences ; 
and, if there are no argumental occurrences, equational occurrences are bound 
to logical occurrences. 


This rule only applies, so far as meaning permits, to those types which 
remain ambiguous after the assignment of types to the real variables. 


It will be noticed that if there are no argumental or logical occurrences of 
a formal number, IT does not in any way apply to the assignment of types to 
the occurrences in the form of that formal number. 


The identification of types in argumental and attributive occurrences by 

IT is rendered necessary to secure the use of the equivalence 
yesm‘o.=.(qa).aeo.ysma, 

where σ is a formal number. Without the convention, this application of *37°1 
would be fallacious. The only one of our examples to which this part of the 
convention applies is *#101'28 (demonstration), where it secures that the two 
occurrences of 1 are in the same type. It 15 relevant however to the symbolism 
in the demonstration of *100°521. 


It will be found in practice that this convention relates the types of 
occurrences in the same way as would naturally be done by anyone who was 
not thinking of the convention at all, To see how the convention works, we 
will run through the examples which have already been given above. 


In 100,85, IT directs the logical and equational occurrences of Ne‘a to be 
in the same type, and similarly for Nc‘8. Also “meaning” secures that the 
equational types of Ne‘a and Ne‘@ are the same. Thus these four occurrences 
are all in one type, which has no necessary relation to the types of the attri- 
butive occurrences of Ne‘a and Ne‘. Thus, using the notation of *65°04 to 
secure typical definiteness, *100°35 is to mean 


Fi qiNe(é)fa.v.qiNe(éye@:3d: 
Ne (£)fa= Ne(&)‘8.=.a¢ Ne(a)'8.=.BeNe(B)a.=-asm 8. 
The types of these attributive occurrences are settled by the necessity of 
‘meaning.” 


In *100°42 (demonstration), since all the occurrences of formal numbers are 
equational, IT produces no limitation of types. 
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In *100°44 (demonstration), IT secures that the two occurrences of Ne‘a 
are in the same type. Also we notice that the first occurrence of Ne‘@ is really 
(cf. x65°04) Ne (a), since “ae” occurs, and thus “meaning” requires this 
relation of types, and the second occurrence of Nc‘ is in the type of the 
occurrences of Ne‘a. 


In *100°511, IT directs that the logical and argumental occurrences are to 
have the same type. In *100°521, IT directs that the two occurrences of sm“‘jz 
are to have the same type. In «101-28 both occurrences of 1 are to be in the 
same type. In *101°38, IT directs that all the occurrences of 2 are to have the 
same type. 


The convention IT in no way limits the types in *110°54, nor in *116°63, 
nor in *117°108. 


In the first example from *120°53 (in the demonstration) convention IT 
has no application. 


In the second example from *120°53 (in the demonstration) convention 
IT directs that the two occurrences of a® shall be in the same type; and the 
necessity of “meaning” secures that the first occurrence of αὖ shall also be in 
this type. The same necessity secures that y+, 6 shall be in the same type as 
8; and it also secures that in “αὖ = a’ Χ, αὖ the first occurrence of a? and that 
of αὐ κι αὐ shall have a common type, which is otherwise unfettered; also 
nothing has been decided as to the types of αὐ and a? in αὐ x, a’. 


We now come to conventions embodying the outcome of arithmetical 
ideas. The term “arithmetical” is here used to denote investigations in 
which the interest lies in the comparison of formal numbers in respect to 
equality or inequality, excluding the exceptional cases—whenever the cases 
are exceptional—due to the failure of existence in low types. The thorough- 
going arithmetical point of view, which we adopt later in the investigation 
on Ratio and Quantity and also in this volume in *117 and *126 and some 
earlier propositions, would sweep aside as uninteresting all investigation of 
the exact ways in which the failure of existence theorems is relevant to the 
truth of propositions, thus concentrating attention exclusively on stable truth- 
values. But the logical investigation has its own intrinsic interest among 
the principles of the subject. It is obvious however that it should be 
restrained to a consideration of the theorems of purely logical interest. In 
practice this extrusion of uninteresting cases of the failure of arithmetical 
theorems, even amid the logical investigations of the first part of this 
volume, is effected by securing that all arithmetical occurrences of formal 
numbers have their actual types adequate. 


As far as formal numbers of the primary group, 1.6. Ne‘a, ZNe‘«, IINe‘e, 
are concerned, the arithmetical adjustment of types is secured formally in 
the symbolism by the definitions *110-03-04 for addition, and *113-04-05 for 
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multiplication, and #116-03-04 for exponentiation, and *117-02-03 for arith- 
metical inequalities, and *119-02-03 for subtraction. 

We save the symbolic elaboration which would arise from the extension 
of similar definitions to other formal numbers by the following convention: 


TIT. Whenever a formal number o occurs, so that, if τὲ were replaced by 
Nea, the actual type of Ne‘a would by definition have to be adequate, then the 
actual type of o is also to be adequate. 

For example in w+, (v+, a), if ν +,@ were replaced by Ne‘a, then by 
*110°04 the actual type of Νοία is adequate. Hence by IIT the actual type 
of ν τς is to be adequate: accordingly so long as v and τ are simple 
variables and members of NC — t‘A, we can always assume Ἡ ἢ (ν +, a) for the 
type of the occurrence of y+, @ in w+_(v -Ἐς τ) 


It is essential to notice that so long as the argument of an argumental 
formal number, or the arguments of an arithmetical formal number, are 
adjusted arithmetically, the exact types chosen make no difference. This 
follows for argumental formal numbers from ἘΠ02 862 87 .88, for addition from 
*110°25, for multiplication from *113-26, for exponentiation from *116-26, for 
subtraction from #*119°61°62. Thus (remembering also *100°511) in any 
definite type a formal number has one definite meaning provided that any 
subordinate formal number which occurs in its symbolism is determined 
existentially. The convention IJT directs us always to take this definite 
meaning for any pure arithmetical formal number. 


The convention does not determine completely the meaning of an arith- 
metical formal number which is not pure. For example, w7+,.(v+,p) 18 4 
pure arithmetical formal number when p, ν, p are determined in type; and 
convention IIT directs that the type of (v+,p) is to be adequate. But 
+,sm“(y+,p) is an arithmetical formal number which is not pure, and 
convention IIT directs that the type of the domain of sm is to be adequate, 
but does not affect the type of y-+,p. Thus it is easy to see that IIT secures 
the adequacy of the actual types of all arithmetical components of any 
arithmetical formal numbers which occur, but does not affect the actual type 
of a formal number which occurs as the argument of an argumental formal 
number. But in this case convention IT will bind the actual type of this 
occurrence of the argument to any logical or attributive occurrence of the 
same formal number. For example, if q!v+,p and »+,sm“(y+,p) occur 
in the same form, then these two occurrences of »y+,p must have the same 
actual type. In practice argumental formal numbers are useful as com- 
ponents of arithmetical formal numbers for the very purpose of avoiding the 
automatic adjustment of types directed by IIT. 

The meaning of IIT is best explained by examples. Among our previous 
examples we need only consider those in which arithmetical formal numbers 
occur. 
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In *110°54 the convention or definitions direct us to determine the types 
of Ne‘a and Ne‘8 adequately when forming Ne‘a +, Ne‘, also to determine 
Ne‘a +. Nc%8 and Ne‘y adequately when forming (Ne‘a +, Ne‘8) +, Ne‘y. 
The convention does not apply to the types of (Ne‘a +, Ne‘8) +, Ney and 
Νοία- β -- γ). These types must be identical in order to secure meaning. 

In *116°63 the convention directs us to adjust the types of ν x,@ and 
μ᾽ adequately; it does not affect the types of μ'χοῦ and (z”)*, which must 
be identical to secure meaning. If we replace μ, v, a by formal numbers, by 
2, %, and 1 for example, we get “F.2%*«!=(2®)i.” The convention now 
directs that 1 is to be determined adequately. It so happens that any type 
is adequate for it, since Ἡ 11 can be proved in any type. Then adequate 
types for &, x, 1 and 2% are types for which we can prove Wt (Nyc) x, 1 
and τῷ 12Nec's"%, Thus if τ is the type of &, in both cases, an adequate type 
for X, x, 1 is τ, and for 2% 1s Clér. 

In *117°108 we find arithmetical occurrences in arithmetical inequalities. 
Thus IIT directs us to take the first two occurrences of Ne‘a and the first 
two of Ne‘@ with adequate actual types. The type of Ne‘a and Ne‘f in 
Ne‘a=Ne‘@ is not affected by it. It is evident that the conventions IT, IIT 
are not sufficient to secure the truth of this proposition as thus symbolized. 
It is essential that in the equation the type be adjusted adequately for both 
formal numbers. In fact the general arithmetical convention, that types of 
equational as well as of arithmetical occurrences are adjusted arithmetically, 
is here used. 

V. Some Important Principles. 

Principle of Arithmetical Substitution. In *120°53, the application of ITT 
needs a consideration of the whole question of arithmetical substitution. 
Consider the first of the two examples. We have 

Fr:B=yt,6.q!8.3.4% =a? x,a°. 

It is obvious that unless we can pass with practical immediateness from 
“B=y+,6.a%&=a8” to “αβ τι αὐτο δ᾿ by «20°18, arithmetic is made practically 
impossible by the theory of types. But a difficulty arises from the application 
of IIT. Suppose we assign the types of our real variables first. Then the 
types of a, 8, y, 6 can be arbitrarily assigned, and there is no necessary 
connection between them which arises from the preservation of meaning. 
Thus 8 may be in a type which is not an adequate type for y+,6. Assume 
that this is the case. But the equational use of y+,8 is in the same type 
as 8, and by IIT the arithmetical use of y+,6 in αὐτο is in an adequate 
type. Thus, on the face of it, the reasoning, appealing to *20-18, by which 
the substitution was justified, is fallacious; for the two occurrences of y +, 8 
in fact mean different things. 

In order to generalize our solution of this difficulty it is convenient to 
define the term “arithmetical equation.” An arithmetical equation is an 
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equation between purely arithmetical formal numbers whose actual types 
are both determined adequately. Then it is evident that from “c= 7. Fr)” 
where o and 7 are formal numbers and 7 occurs arithmetically in f(r), we 
cannot infer f(c) unless the equation σ τ is arithmetical, For otherwise 
the τ in the equation cannot be identified with the τ in f(r), 


When we have “@=7./(7),’ where 7 is a formal number and £ is a 
number in a definite type, and wish to pass to “/(@),” or “@=7./(@)” and 
wish to pass to “f(r),” the occurrence of + in f(r) being arithmetical, the 
type of β may not be an adequate type for τ. Accordingly the τ in “β- τ᾽ 
cannot be identified with the τ in f(r). The type of the τ in the equation 
ought to be freed from dependence on that of 8. Accordingly the transition 
is only legitimate when we can write instead 

“84+,0=7.f(T)” or “B+,0=7.f(),” 
where in both cases the equation is arithmetical. For now all the symbols 
are subject to the same rules. 

If this modification can be made without altering the truth-value of the 
asserted propositions, the substitution is legitimate, otherwise it is not, 

It is obvious that in the above our immediate passage is to or from 
F(8+,0). But it is easy to see that, the occurrence of Καὶ --ς Ὁ being arith- 


metical, we always have 
F(B) += -f(B +09). 
In order to prove this, we have only to prove 
a+e(8 Ἐς 0) =a +8, 
α Χορίβ +.0)=ax,8, 


(a+, 0)? = αϑ, 
ght eO = αβ, 
and a>B+,0.=.a>8.=.0a+,0 >. 


The demonstration of the first of these propositions runs as follows: 
F.#ll04,.5bi βου eNC.v.B=A:d.84+,0=A.a+,8=A. 
[*110-4] D.a+,(8+,0)=A=a4+,8 (1) 
Εν Ι104. Dba ὦ eNC.via=A2d.a4+.(8+,0)=A=a4,8 (2) 
F.#ll06.9F: a, 8eNC—t'A.9.a4,(8 4,0) =a+,9m"8 

Ξαῖ.β (3) 
Ε. (1). (9). (8). Db τα Ἐς(β6 τορθ)πΞ α "28 

In the above demonstration the step to (3) is legitimate since by the 

hypothesis @ is a determination of sm‘‘ in an adequate type. 

Similar proofs hold for the other propositions, using *113'204 and #116-204 

and #117°12 and *103°13. 

We must also consider the circumstances under which we can pass from 

“B=” to “B+,0=7,” where the latter equation is arithmetical. In other 
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words, using *65°01 we require the hypothesis necessary for 
mis, B=m-2-84+,0=7,. 


We have 
F.#2018. DE: B=7%z.3.84+,0=7%24+,0 (1) 
F. #11035. DF slate. ἢ τη « 9. τὲ Ἐς θ τὸ τῇ +20 (2) 


Ε. (1).(2).9ἘῈἘ τ. qiag.qiz.I:f=7.9-84,0=7,4+,0 (3) 
F. (3). IFkinqiB.qit,-I:8=%.9-84+,0=7,+,0 (4) 
Now in (4) the occurrences of 8 +,0 and 7,+,0, which are in the same 
type, may be chosen to be in any type we like. Hence we deduce 
Ε.(4). #1106. DF Gi A.gizn.d:B=7%.9.(8+,0)=sme"s, . 
[*100°511] 9.(β τ|0)εΞ τὲ 
Hence 1 is the requisite condition, Now since {can be in any type, 
we can also choose it in any existential type for τι Thus with IIT applying 
to the arithmetical occurrence of + in f(r), we have, where 7 is a formal 
number and β is a number in a definite type, 


Fiqi8.8=r.f(7).9-f(8), 
Fsqig.B=7.f(8).9.f(7), 
Fiqio.c=T.f(t).d.f(o). 
In the last proposition by IT the equation σ =7 is anthmetical These 
equations are summed up in «118-01. 


These three fundamental theorems embody the principle of arithmetical 
substitution. The hypothesis q! is really less than is assumed in ordinary 
life, the usual tacit assumption being @e NC —t‘A. In fact unless Be NC, 
8 = τ is necessarily false, 


Principle of Identification of Types. Suppose we have proved 
“F:Hp.d.d¢o” and “t+: h(o4). 3. p,” where o is a formal number whose 
occurrence in “+: Hp.3.¢c” is in an entirely ambiguous type, and σὲ is 
the same formal number o with its type related to that of & by *65-01. 
Then since the type of the o in “Ft: Hp.3.¢o” is ambiguous, we can write 
“F:Hp.3.¢(o¢),” and thence infer “F . p.” 


The principle is: An entirely undetermined type in an asserted symbolic 
form can be identified with any type ambiguous or otherwise in any other 
asserted symbolic form or in the same symbolic form. 


For example in *100°42 (demonstration) considered above, since Wi! wav 
occurs, the first occurrences of Ne‘a and Nc‘@ are of the same type, and so are 
their second occurrences in Ne‘a= Ne‘@. But the two types are not deter- 
mined by our conventions to have any necessary connection. In fact the type 
in Ne‘a = Ne‘ is entirely arbitrary. Accordingly it can be identified with the 
other type, and thus the inference to the next line, viz. to “F: Hp. 3. μεν; 
15. justified, 
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In the case of arithmetical equations, it is important to notice that we 

have 

F. *100'321-33. DF:.q! Ne (£)'a. 3: Νο(ξ)α Ξ- Νο(ξ).β. 2. Nota = NefB. 
Hence if o and τ are formal numbers, 

Pisnplog. Diog= 1.9.07. 

Thus if we have “t: Hp.qito.d.c=7” and “F: Hp’.o,=7,.3.9,” we 
can infer from the former proposition “F: Hp.qi!o.3.o,=7,,” and from 
this and the latter proposition, we infer “Fk: Hp’.Hp.qto.3.p,” go the 
general principle of identification can be employed when the ᾧ (σ) in the first 
proposition is an arithmetical equation. 


For example, in an example given above, *100°44 (demonstration), viz. 
t:weNC.q!Ne‘a.aeu.9. (G8). w=Ne'B, Nea=Nc*Z, 
the equation Ne‘a= Ne‘ is arithmetical. Accordingly we are justified in 
asserting the propositional function 


bkrweNC.q!Nefa.aepw.d.(qB).u~=Ne(ay8. Ne(a)a = Ne(a)‘p, 
where Ne(a)‘f in “= Ne (a)‘8” has all along been presupposed by the neces- 
sity of meaning. 


Thus the inference follows, 
k:weNC.q!Ne‘a.aen.d.Ne(a)a=p. 
> . Νοία = μ- 


This proof loses its point when μ is looked on as a variable with necessarily 
the same type throughout. For then the proposition collapses into 


tr. weNC.d:aepn.=.Ne(a)a=p. 


But if μ be a formal number necessarily a member of NC, the proposition 
is really 
tig! Nc@.d:aen.=.Nea=p, 


With this presupposition we should have in the first line of the demon- 
stration 
“ΕΣ itiNefa. Nefa=p.d.aep,” 
though with “μ᾽ a single variable, the line is formally correct as it stands in 
the text. 


Recognition of Particular Cases. It is important to notice the conditions 
under which go can be recognized as a particular case of pf, where & is a real 
variable and o is a formal number. In the first place obviously we must 
substitute o a ἐξ for σι, wherever it occurs in ᾧσ, and thus obtain ᾧ (σ ὦ ty). 
Then we may find that by the application of our conventions, we can replace 
this by do. For example we have 


#100°42. FrypveNC.qipav.d.u=p 
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Now put Ne‘anié,‘% for μ, we obtain 

ΕἸ Nefan μιν ΝΟ. τ (Νοία ὦ μ)αν. 5. Neant =v (1) 

Εν (1). #10041. b:veNC. q!Neantiunav.d.Neantiu=v (2) 

Now by IT, even when ν is a formal number, the identity of types of the 
two occurrences of Νοία is equally secured in 

kiveNC.qINefanv.d.Nefa=p. 

Thus this is a particular case of #10042. Such deductions can be made 
in general without any explicit formal statement. 

Ambiguity of NC. It follows (cf. *100°02 and *103-02) from the typical 
ambiguity of Ne that NC is also typically ambiguous. Hence “weNC.ve NC” 
according to our methods of interpretation would not necessitate that » and v 
should be of the same type. We shall always interpret “y,ve NC” as standing 
for “yeNC.veNC” and therefore as not necessarily identifying the types 
of wand ν. Similarly for N.C, NC induct, and NC ind. For example 


#110402. bs u,veN,C.d.q!l(uteu) nt v) 

Here the » and ν need not be of the same type. Again 
"11041. bipveN,C.tp=Htv.d.ql(uty) ath 

Here the identification of the types of w and ν requires the hypothesis 
“ti = Ev.” 


VIL. Conventions AT and Infin T. 


General Arithmetical Convention. Conventions IT and IIT are always 
applied, but the following convention is not used at first. This convention 
limits the remaining ambiguity of type by sweeping away the exceptional 
cases in low types, due to the failure of existence theorems. The convention 
will be cited as AT. 

AT. All equations involving pure arithmetical formal numbers are to be 
arithmetical. 

We have seen that from an arithmetical equation the analogous equation 
in any other type can be deduced. Thus with AT all equations between 
formal numbers are so determined in type that their truth in “any type” is 
deducible. Thus in the few early propositions where AT is introduced, the 
fact is noted by stating that the equations hold “in any type.” These 
propositions are *103°16, *110°71°72. 

The effect of applying AT to other propositions in *100 is to render some 
of the hypotheses (usually logical forms affirming existence) unnecessary, but 
also materially to limit the scope of the propositions. Take for example 
*100°35. Fra! Ne‘a.v.q!iNe'g:3: 

Nefa= Ne‘8.=.aeNe@.=.GeNea.=.asmR 

If we apply AT to this, we can write 

F:Nefa=Ne8.=.aeNceB.=.BeNea.=.asm8. 
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For the equational occurrences of Ne‘a and Ne‘@ are by AT and IIT to 
be with adequate actual types. But if a is a small class in a high type, an 
adequate actual type for Ne‘a will be a high type, whereas q1Ne‘a may 
hold in a low type. Thus with AT, for the sake of simplicity we abandon 
the statement of the minimum of hypothesis necessary for our propositions. 
The enunciation of no other proposition in *100 is affected. 


The enunciation of no proposition in-*101 is affected by AT, though it 
would unduly limit the scope of Κ10 1.384. In *110, AT would unduly limit 
the scope of such propositions as 

#*110-22'23'24-25-251-252'3'31'32'331:34°35-35 1445154 
and of many others, without altering their enunciations. There is no 
proposition in #110 whose enunciation it would alter. AT is already 
applied to *110°7172; if AT is removed from these propositions, then 
"yi Ne‘a must be added as an hypothesis to both of them. The effect of AT 
on *113 and *116 is entirely analogous to that on *110; in neither of these 
two numbers is there any proposition to which A T is applied in the text, 


As regards *117, AT is applied throughout, so that the propositions are 
all in the form suitable for subsequent investigations in which the interest is 
purely arithmetical. It is important however to analyse the effect of AT on 
the enunciations for the sake of logical investigations, especially in connection 
with *120. First, AT can only affect propositions in which equations or 
inequations occur, and among such propositions it does not affect the enuncia- 
tions of those in which both sides of the equations are not formal numbers, 
so that the equations are not arithmetical after the application of AT. These 
propositions are *117°104'14°24°241°243°'31551. These propositions, which 
are characterized by the presence of a single letter on one side of any 
equation involved, can be recognized at a glance. The propositions involving 
arithmetical equations whose enunciations are unaltered by the removal of 
AT are *117°'21°54'592. Propositions involving imequations whose enuncia- 
tions are unaltered by the removal of AT are *117'26:27, Finally the only 
propositions of *117 whose enunciations are altered by the removal of AT 
are *117°108-211°23°25°3. 


In *118 and 34.119 AT is not used. 


In «120, which is devoted to those properties of inductive cardinals 
which are of logical interest, AT is never used. None of the propositions 
*117-108'211°23'25°3 are cited in it, except *117:25 in the demonstration of 
#120435 for a use where AT is not relevant. The application of AT to *120 
would simplify the hypotheses of *120°31:41-451-°53°55, and limit the scopes 
of the propositions. 


One other convention, which we will call “Infin T,” is required in certain 
propositions where the hypothesis implies that there are types in which every 
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inductive cardinal exists, 7.e. in which V 18 not an inductive class. Among 
such hypotheses are Infinax, 7! Prog, Ἡ ἷ δέν (or typically definite forms of 
these hypotheses), or Re Prog or aeN. When such hypotheses occur, we 
shall assume that NC induct is, whenever significance permits, to be deter- 
mined in a type in which every inductive cardinal exists, t.e. in which the 
axiom of infinity holds (cf. *120-03-04). The statement of this convention is 
as follows: 


Infin T. When the hypothesis of a proposition implies that there is a type 
in which every inductive cardinal eatsts, every occurrence of “NC induct” 
in this proposition is to be taken (if conditions of significance permit) in ἃ 
sufficiently high type to insure the existence of every inductive cardinal. 


It is to be observed that this convention would be unnecessary if we 
confined ourselves to one extensional hierarchy, for in any one such hierarchy 
all types are inductive or all are non-inductive, so that if every inductive 
cardinal exists in one type in the hierarchy, the same holds for any other 
type in the hierarchy. But when we no longer confine ourselves to one 
extensional hierarchy, this result may not follow. For example, it may be 
the case that the number of individuals is inductive, but the number of 
predicative functions of individuals is not inductive; at any rate, no dogical 
reason can be given against this possibility, which can only be rejected on 
empirical grounds, if at all. 


The way in which this convention is used may be illustrated by the 
demonstration of *122°33. In the second line of this demonstration, we show 
that the hypothesis imphes 

Elp,.2.E!l(v +, 1)p (1) 


wv 


where by *121°04 γε, {BOR Def, 

and by *121-02 R,=29 (Nc R(e@Hy)=v4,1} Df. 

It will be seen that these definitions do not suffice to determine the type 
of v. Hence in (1), the » on the left may not be of the same type as the 
vy+,1 on the right. Now the use of *120-473, which occurs in the next line 
of the demonstration of *122°33, requires that the v on the left and the »+,1 
on the right should be of the same type. This requires that the ν should 
not be taken in a type in which we have q!v.v+.1=A. Hence in order 
to apply *120°473, we must choose a type in which all inductive cardinals 
exist. Since “Re Prog” occurs in the hypothesis, we know that all inductive 
cardinals exist in the type of C‘R. But it is unnecessary to restrict ourselves 
to the type of CR, since any other type in which all inductive cardinals exist 
will equally secure the validity of the demonstration. Thus the convention 
Infin T secures the restriction required, and no more. 


The convention InfinT is often relevant when “Infinax” without any 
typical determination occurs in the hypothesis. Whenever this is the case, 
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if “NC induct” occurs in the proposition in a way which leaves its type 
undetermined so far as conditions of significance are concerned, it is to be 
taken in a type in which all its members exist. 


VIL Final Working Rule in Arithmetic. 


It is now (whenever AT is used, together with InfinT when necessary ) 
possible finally to sweep aside all consideration of types in connection with 
inductive numbers. For by combining *126121:122 and *120-4232-4622, we 
see that it is always possible to take the type high enough so that no definitely 
determined inductive number shall be null (A), and that all the inductive 
reasoning can take place within this type. Furthermore we have already 
seen that the arithmetical operations are independent of the types of the 
components, so long as they are existential. Thus, as far as the ordinary 
arithmetic of finite numbers is concerned, all the conventions (including AT), 
and the necessity for hypotheses as to the existence of inductive numbers, are 
finally superseded by the following single rule: 


RULE oF InpEriniTE NumsBErRs. The type assigned to any symbol which 
represents an inductive number ts such that the symbol is not equal to A. 


We make the definition 
*126°01. Ne ind = Nec induct—tfA Df 


Wherever this symbol “Ne ind” for the class of “indefinite inductive 
cardinal numbers” is used, the above rule is adhered to. In other words, 
“we NCind” can always be replaced by “n= Ne‘a.ae Clsinduct,” where 
Νοία is a homogeneous or ascending cardinal, and a is the appropriate 
constant, or is a variable, as the case may be. In the latter case, a symbolic 


form such as 
(u) + f(we NC ind, μ) 
can be replaced by 
(uw, a). f (w= Nea. ae Cls induct, μ). 

Furthermore by *120°4622 it follows that with this rule the result of 
proceeding by induction in one type and then transforming to another type 
is the same as that of proceeding by induction in the latter type. Thus 
for example there is no advantage to be gained by discriminating between 
2: and 2,; for sm,‘'2,= 2,, smg'2, = 22, μ΄ Ἐς 2e=Ut+e2q) Xe 2p = pb X_2y, 
wesw, 2 = 2", and w > 3ὲ. ΞΞ ~ > 2,, and so on. 

Hence all discrimination of the types of indefinite inductive numbers 
may be dropped; and the types are entirely indefinite and irrelevant. 


PART III 


CARDINAL ARITHMETIC 


B&W II 


SUMMARY OF PART III 


In this Part, we shall be concerned, first, with the definition and general 
logical properties of cardinal numbers (Section A); then with the operations 
of addition, multiplication and exponentiation, of which the definitions and 
formal laws do not require any restriction to finite numbers (Section B); then 
with the theory of finite and infinite, which is rendered somewhat complicated 
by the fact that there are two different senses of “finite,” which cannot (so far 
as is known) be identified without assuming the multiplicative axiom. The 
theory of finite and infinite will be resumed, in connection with series, in 
Part V, Section E. 


It is in this Part that the theory of types first becomes practically relevant. 
It will be found that contradictions concerning the maximum cardinal are 
solved by this theory. We have therefore devoted our first section in this 
Part (with the exception of two numbers giving the most elementary properties 
of cardinals in general, and of 0 and 1 and 2, respectively) to the application 
of types to cardinals. Every cardinal is typically ambiguous, and we confer 
typical definiteness by the notations of *63, *64, and *65. It is especially where 
existence-theorems are concerned that the theory of types is essential. The 
chief importance of the propositions of the present part lies, not only, as 
throughout the book, in the hypotheses necessary to secure the conclusions, 
but also in the typical ambiguity which can be allowed to the symbols con- 
sistently with the truth of the propositions in all the cases thereby included. 


SECTION A 


DEFINITION AND LOGICAL PROPERTIES OF 
CARDINAL NUMBERS 


Summary of Section A. 


The Cardinal Number of a class a, which we will denote by “Ne‘a,” is 
defined as the class of all classes similar to a, 4.6. as BB sma). This 
definition is due to Frege, and was first published in his Grundlagen der 
Arithmetik*; its symbolic expression and use are to be found in his 
Grundgesetze der Arithmetik}. The chief merits of this definition are (1) that 
the forma! properties which we expect cardinal numbers to have result from 
it; (2) that unless we adopt this definition or some more complicated and 
practically equivalent definition, it is necessary to regard the cardinal number 
of a class as an indefinable. Hence the above definition avoids a useless 
indefinable with its attendant primitive propositions. 


It will be observed that, if ᾧ is any object, 1 is not the cardinal number 
of «, but that of τὼ. This obviates a confusion which otherwise is liable to 
arise in dealing with classes, Suppose we have a class a consisting of many 
terms; we say, nevertheless, that it is one class. Thus it seems to be at once 
one and many. But in fact it is a that is many, and é‘a that is one. In regard 
to zero, the analogous point is still clearer. Suppose we say “there are no 
Kings of France.” This is equivalent to “the class of Kings of France has no 
members,” or, in our language, “the class of Kings of France is a member of 
the class 0.” It is obvious that we cannot say “the King of France is a 
member of the class 0,” because there is no King of France. Thus in the case 
of 0 and 1, as more evidently in all other cases, a cardinal number appertains 
to a class, not to the members of the class. 


For the purposes of formal definition, we subject the formula 
Nefa= B (8 sm a) 
to some simplification. It will be seen that, according to this formula, “Ne” 


is a relation, namely the relation of a cardinal number to any class of which 
it is the number. Thus for example 1 has to t‘x the relation Ne; so has 2 to 


—_>- 
ix uv tty, provided «+y. The relation Ne is, in fact, the relation sm; for 
sinfa= 8 (8sm a). Hence for formal purposes of definition we put 


— 
Ne=sm Df. 


* Breslau, 1884, Cf. especially pp. 79, 80. 
+ Jena, Vol. 1. 1893, Vol. 11.1903. Cf. Vol. 1. 88 40-42, pp. 57,58. The grounds in favour 
of this definition will be found at length in Principles of Mathematics, Part II, 
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The class of cardinal numbers is the class of objects which are the cardinal 
numbers of something or other, 1.6. of objects which, for some a, are equal to 
Ne‘a. We call the class of cardinal numbers NC; thus we have 

ΝΟ -- {(qa). w= Ne‘a}. 
For purposes of formal definition, we replace this by the simpler formula 
NC=D‘Ne Def. 


In the present section, we shall be concerned with what we may call the 
purely logical properties of cardinal numbers, namely those which do not 
depend upon the arithmetical operations of addition, multiplication and 
exponentiation, nor upon the distinction of finite and infinite*. The chief 
point to be dealt with, as regards both importance and difficulty, is the relation 
of a cardinal number in one type to the same or an associated cardinal number 
in another type. When a symbol is ambiguous as to type, we will call it 
typically ambiguous; when, either always or in a given context, it is un- 
ambiguous as to type, we will call it typically definite. Now the symbol “sm” 
is typically ambiguous; the only limitation on its type is that its domain and 
converse domain must both consist of classes. When we have asm @, a and 
8 need not be of the same type, in fact, in any type of classes, there are classes 
similar to some of the classes of any other type of classes. For example, we 
have t‘esm t‘y, whatever types ὦ and y may belong to. This ambiguity of 
“sm” is derived from that of 1 -- 1, which in turn is derived from that of 1. 
We denote (cf. #65°01) by “1,” all the unit classes which are of the same type 
asa. Then (according to the definition *70°01) 1,— 1, will be the class of 
those one-one relations whose domain is of the same type as a and whose con- 
verse domain is of the same type as 8. Thus “1,->1,” is typically definite 
as soon as a and β are given. Suppose now, instead of having merely ysm δ, 
we have 

(qh). Rel,—1s.D‘'R=y7.0‘R=8; 
then we know not only that ysm 8, but also that y belongs to the same type 
as a, and 6 belongs to the same type as 8. When the ambiguous symbol 
“sm” is rendered typically definite by having its domain defined as being of 
the same type as a, and its converse domain defined as being of the same type 
as 8, we write it “sms,” because generally, in accordance with *65'1, if R 
is a typically ambiguous relation, we write Ris for the typically definite 
relation that results when the domain of R is to consist of terms of the same 
type as α, and the converse domain is to consist of terms of the same type as 
8. Thus we have 
Ὑ Β[ (α,8) ὃ « ΞΞ. (QR). Rel, 1ᾳ.γΞ ΠΕ. ὃ -Ξ- (ἢ. 

Here everything is typically definite if a and β (or their types) are given. 

* The definitions of the arithmetical operations, and of finite and infinite, are really just as 
purely logical as what precedes them; but if we are to draw a line between logic and arithmetic 


somewhere, the arithmetical operations seem the natural point at which to place the beginning 
of arithmetic. 


θ CARDINAL ARITHMETIC [PART III 


Passing now to the relation “Ne,” it will be seen that it shares the typical 
ambiguity of “sm.” In order to render it typically definite, we must derive it 
from a typically definite “sm.” So long as nothing is added to give typical 
definiteness,“Ne*y” will mean all the classes belonging to some one (unspecified) 
type and similar to y. If is a member of the type to which these classes are 
to belong, then Ne‘y is contained in the type of a For this case, it is 
convenient to introduce the following two notations, already defined in *65. 
When a typically ambiguous relation R is to be rendered typically definite as 
to its domain only, by deciding that every member of the domain is to be 
contained in the type of a, we write “R(a)” in place of R. When we further 
wish to determine R as having members of the converse domain contained in 
the type of 8, we write “R(a, 8)” in place of R; and when we wish members 
of the converse domain to be members of the type of 8, we write “R(a,)” in 


place of A. Thus 
sg‘{ Rea) = (sg R} (ag) 
(cf. #65°2), and in particular, since Ne = am, 
Ne (ag) = Sg‘SM (a,a)+ 
Thus “Ne(ag)*y” is only significant when y is of the same type as 8, and 
then it means “classes of the same type as ἃ and similar to y (which is of the 


same type as 8).” 


“Ne(a)*y” will mean “classes of the same type as ἃ and similar to γι 
As soon as the types of a and y are known, this is a typically definite symbol, 
being in fact equal to Ne(a,)‘y. Hence so long as we only wish to consider 
“Ne‘y,” typical definiteness is secured by writing “Ne(a)” in place of 
“Ne.” 


When we come to the consideration of NC, “Ne(a)” is no longer a 
sufficient determination, although it suffices to determine the type. Suppose 
we put 

NC# (a)=D*Ne (ag) Df; 
we have also, in virtue of the definitions in *65, 
NC (a)=NCn a= D‘Ne (a). 

Thus NC (a) is definite as to type, but is the domain of a relation whose 
converse domain is ambiguous as to type; and it will appear that there are 
some propositions about NC (a) whose truth or falsehood depends upon the 
determination chosen for the converse domain of Ne(a). Hence if we wish 
to have a symbol which is completely definite, we must write “NC# (q).” 


This point is important in connection with the contradictions as to the 
maximum cardinal. The following remarks will illustrate it further. 


Cantor has shown that, if @ is any class, no class contained in @ is similar 
to Cl‘8. Hence in particular if 8 is a type, no class contained in @ is similar 


SECTION A] LOGICAL PROPERTIES OF CARDINAL NUMBERS γι 


to Cl‘@, which is the next type above β. Consequently, if 8 = qu —a, where 
ais any class, we have 


~(qy).yCauv—a.ysm Cl(au —a), 


Now (cf. #63) we put 
tia=jau—a Df, 
and we have ta=Clau—a). Thus we find 
~ (Ty). y Ct a.ysin ta, 

Hence Ne(aya)tia= A, 
That is to say, no class of the same type as a has as many members as fa has. 
Hence also 

Ae NC" (a), 
But y Ctfa.d.yeNe(a)y.3.4q ! Ne(a,)‘y, 
and “Ne (a,)‘y” is only significant when y Οὐρία; hence 

weNC*(a).,-7 la 

and Awe NC*(a). 


Now the notation “NC (a)” will apply with equal justice to NC# (a) or to 
NC“ (a); but we have just seen that in the first case we shall have 
A~eNC (qa), and in the second we shall have AeNC(a). Consequently 
“NC (a)” has not sufficient definiteness to prevent practically important 
differences between the various determinations of which it is capable. 


A converse procedure to the above yields similar results. Let a be a 
class of classes; then s‘a is of lower type than a. Let us consider NC#(a). 
In accordance with *63, we write ἐμὰ for the type containing δία, i.e. for 
s‘au—s‘a. Then the greatest number in the class NC* (a) will be Ne (a)*t,‘a; 
but neither this nor any lesser member of the class will be equal to Ne (a) ta, 
because, as before, 

~ (ay) y Ct fa.ysm ἐρία. 
Hence Ne (a)‘é,‘a, which is a member of NC* (a), is not a member of ΝΟ (a); 
but NC*(a) and NC**(a) have an equal right to be called NC(a). Hence 
again “NC (a)” is a symbol not sufficiently definite for many of our purposes. 


The solution of the paradox concerning the maximum cardinal is evident 
in view of what has been said. This paradox is as follows: It results from a 
theorem of Cantor’s that there is no maximum cardinal, since, for all values of a, 

Ne‘Cl*a > Ne‘a. 

But at first sight it would seem that the class which contains everything 
must be the greatest possible class, and must therefore contain the greatest 
possible number of terms. We have seen, however, that a class a must always 
be contained within some one type; hence all that is proved is that there are 
greater classes in the next type, which is that of Cl‘a. Since there is always 
a next higher type, we thus have a maximum cardinal in each type, without 
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having any absolutely maximum cardinal. The maximum cardinal in the 
type of χ 15 
Ne (a){(a uv — a). 
But if we take the corresponding cardinal in the next type, 1.6. 
Ne (Cl*‘a)(a ν — α), 
this is not as great as Ne (Cl*‘a)‘Cl*(a v — a), and is therefore not the maximum 
cardinal of its type. This gives the complete solution of the paradox. 


For most purposes, what we wish to know in order to have a sufficient 
amount of typical definiteness is not the absolute types of a and 8, as above, 
but merely what we may call their relative types. Thus, for example, a and 
8 may be of the same type; in that case, Nc (ag) and NC* (a) are respectively 
equal te Ne(a,) and NC*(a). We will call cardinals which, for some a, are 
members of the class NC* (a), homogeneous cardinals, because the “sm” from 
which they are derived is a homogeneous relation, We shall denote the 
homogeneous cardinal of a by “N,c‘a,’ and we shall denote the class of 
homogeneous cardinals (in an unspecified type) by “N,C”; thus we put 

N,cfa=Ne‘ant’a Df, 

N,C = D‘N,c Df. 

Almost all the properties of N,C are the same in different types. When further 
typical definiteness is required, it can be secured by writing N,c (a), N,C (a) 
in place of N,c, N,C. For although Nc(a) and NC (a) were not wholly definite, 
N,c (a) and N,C (a) are wholly definite. Apart from the fact of being of different 
types, the only property in which N,C (a) and N,C (8) differ when a and § are 
of different types is in regard to the magnitude of the cardinals belonging to 
them. Thus suppose the whole universe consisted (as monists aver) of a single 
individual. Let us call the type of this individual “Indiv.” Then N,C (Indiv) 
wil consist of 0 and 1, 1.6. 

N,C (Indiv) = ἔθ v ¢*1. 
But in the next higher type, there will be two members, namely A and Indiv. 
Thus 

ΝΟ (t‘Indiv) = £0 υ τ] ὁ e£2. 

Similarly ΝΟ (¢¢Indiv) = θυ ἢ vu 62 v t3 64, 
the members of ¢t‘Indiv being A né‘Indiv, tA, eIndiv, «fA ὦ e‘Indiv; and 
so on. (The greatest cardinal in any except the lowest type is always a 
power of 2.) 


The maximum of N,C (a) is N,c‘t,‘a; but apart from this difference of 
maximum and its consequences, NoC(a) and ΝΟ (β) do not differ in any 
important properties. Hence for most purposes N,C and Nyc have as much 
typical definiteness as is necessary. 


Among cardinals which are not homogeneous we shall consider three kinds. 
The first of these we shall call ascending cardinals. A cardinal NC* (a) is 
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called an ascending cardinal if the type of @ is tfa or ἐπα or ¢*t*¢a or ete. 
We write a for t‘t*a, ta for ἐπα, and so on. We put 
Nie‘g= Nefantt’a Df 
Necfa= Nefantt*a Df 
N'efq = Ne‘an ta Df and so on 


2 


and NC =D‘N!e Df 

N°C = ΝΞΟ Df 

ΝΟ = DSN2c Df and so on. 
We then have obviously 

NIC ({α) CN,C (ta). 
We also have (by what was said earlier) 

N,cSt'a~we ΝΟ (ta). 

Hence at NC (ta) — N'C (ta). 


The members of N,C (¢‘a) — N'C (ἃ) will be all cardinals which exceed 
Ne‘t,‘a but do not exceed Ne‘t'a. 


Let us recur in illustration to our previous hypothesis of the universe 
consisting of a single individual. Then N'c‘Indiv will consist of those classes 
which are similar to “Indiv” but of the next higher type. These are ‘A and 
t“Indiv. In our case we had N,c‘Indiv=1. This leads to 

N'e‘Indiv = 1. N’c‘Indiv = 1 etc. 
or, introducing typical definiteness, 
N'c'Indiv = 1 (¢Indiv). N’c‘Indiv = 1 (¢‘Indiv) ete. 
We have then 1 (t*Indiv) ε N'C (¢¢‘Indiv). Also 
1 (t'Indiv) e N,C (¢¢Indiv). 
And in the case supposed, 1 (¢*Indiv) is the maximum of N'C (¢¢‘Indiv), but 
2 (t’Indiv) e N,C (¢¢*Indiv). Hence 
ΝΟ (¢'t*Indiv) — N'C (¢t*Indiv) = ε(2. 
Generalizing, we see that N’C (ta) consists of the same numbers as N,C (a) 
each raised one degree in type. Similar propositions hold of NC (#*a), 
N°C (46) ete. 

It is often useful to have a notation for what we may call “the same 
cardinal in another type.” Suppose w is a typically definite cardinal; then 
we will denote by «"! the same cardinal in the next type, ie. 

sm ‘*p ἡ tp. 
Note that, if » is a cardinal, sma a=; and whether μ is a typically 
definite cardinal or not, 

sm‘ ntfa 
is a cardinal in a definite type. Hf μ is typically definite, then sm“‘u ἡ ta is 
wholly definite; if μ is typically ambiguous, sm‘‘u ἡ ἑκα bas the same kind of 
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indefiniteness as belongs to NC (a). The most important case is when μ is 
typically definite and @ has an assigned relation of type to u. We then put, 
as observed above, 

μ τε βυιμ ἡ ἐμ Df 

μ τε βϑιη pnt Df ete. 
If w is an N,C, w® is an N2C and μ᾽ is an N°C and so on. N’C(é‘a) will 
consist of all numbers which are of the form μι} for some which is a member 
of ΝΟ (a); we. 

ΝΙΟ (ta) = ἢ {(qu). με NC (a). v = wf, 

The second kind of non-homogeneous cardinals to be considered is called 
the class of “descending cardinals.” These are such as go into a lower type; 
i.e. Ne (α). is a descending cardinal if a is of a lower type than 8. We put 

N,cfa=Nefant‘t,fa Df 
Νιοία = Nef‘an ἐμὰ Df ete. 

N,C=D‘N,c Df 
N,C = D‘N,c Df ete. 

μῳ =sm poeta Df 
pe =smipnt ip Df ete. 


We have obviously N,cfa = N,cft*‘a. 
Hence ΝΟ (a) CN,C (a). 
Also yeN,c8.3.N,c'8 = N,cfy, 
whence qt Nyc. 2. Niche NC, 
whence N,C-e'ACN,C. 


Since also A~we N,C (a), we find 

N,C=N,C—e‘A, 
this proposition not requiring any further typical definiteness, since it holds 
however such definiteness may be introduced, remembering that such definite- 
ness is necessarily so introduced as to secure significance. Further, in virtue 
of the fact that no class contained in ¢,‘a is similar to t‘a, we have 


Ae N,C (a). 
Consequently N,C=N,C v fA. 
We can prove in just the same way 
N,C=N,C vtfA. 
Hence N,C=N,C, 
and this result can obviously be extended to all descending cardinals. 
The third kind of non-homogeneous cardinals to be considered may be 
called “relational cardinals.” They are those applicable to classes of relations 


having a given relation of type toa given class. Consider for example Ne‘ea‘«. 
(We shall take this as the definition of the product of the numbers of the 
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members of «.) Suppose now that « consists of a single term: we want to be 
able to say 

Νοίεδίκ = Nete‘e. 
We have in this case, if « = t‘a, 

eafc= | af‘a, 

and we know that | a‘‘asma, But if we put simply 

Nef | a‘fa= Νοία, 
our proposition, though not mistaken, requires care in interpretation. Just 
as we put ‘ae N'c‘a, so we want a notation giving typical definiteness to the 
proposition | a“ae Ne‘a. This is provided as follows. 

Using the notation of *64, put 

Νωοία = Nea ἃ ttf Df 
Νιίοία = Ne‘an ἐπ μα Df ete. 
NC = D‘Nue Df 
NC = D‘N,Jc Df ete. 
Mion = Βπι Sp A Et ἐμ DF ete. 
Then we have, for example, 
LafaCitMa, te | afaet tia. 
Hence | a‘‘aeN,c’a, where N,'cfa = Ne‘an ¢t,!a. 
Similarly veto. 2. | aaeN,ca. 
Thus the above definitions give us what is required. 

In order to complete our notation for types, we should need to be able to 
express the type of the domain or converse domain of R, or of any relation 
whose domain and converse domain have respectively given relations of type 
to the domain and converse domain of R. Thus we might put 

d‘R=¢‘D‘R Df 
Ὀ πο Df 
(“b” appears here as “d” written backwards) 
"Εἰ = κα. 7 bf R) Df 
=t'R 
dR = μια RF ἐπῆν. 8) Df and so on. 

This notation would enable us to deal with descending relational cardinals. 
But it is not required in the present work, and is therefore not introduced 
among the numbered propositions. 

When a typically ambiguous symbol, such as “sm” or “Ne,” occurs more 
than once in a given context, it must not be assumed, unless required by the 
conditions of significance, that it is to receive the same typical determination 
in each case, Thus e.g. we shall write “asm 8.>.8sma,’ although, if a and 
8 are of different types, the two symbols “sm” must receive different typical 
determinations. 
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Formulae which are typically ambiguous, or only partially definite as to 
type, must not be admitted unless every significant interpretation is true. 
Thus for example we may admit 

“by aeNefa” 
because here “Ne” must mean “Ne (a,),” 50 that the only ambiguity remaining 
is as to the type of a, and the formula holds whatever type a may belong to, 
provided “Ne‘a” is significant, i.e, provided a is a class. But we must not, 
from “ae Ne‘a,” allow ourselves to infer 

“a t Nefa.” 

For here the conditions of significance no longer demand that “Ne” should 
mean “ Ne(a,)”: it might just as well mean “Νο (β.). And as we saw, if 
B is a lower type than a, and a is sufficiently large of its type, we may have 

Ne(B.)fa= A, 
so that “q!Ne‘a” is not admissible without qualification. Nevertheless, as 


we shall see in *100, there are a certain number of propositions to be made 
about a wholly ambiguous Ne or NC. 


*100. DEFINITION AND ELEMENTARY PROPERTIES 
OF CARDINAL NUMBERS 


Summary of *100. 


In this number we shall be concerned only with such immediate conse- 
quences of the definition of cardinal numbers as do not require typical definite- 
ness, beyond what the inherent conditions of significance may bestow. We 
introduce here the fundamental definitions: 


#10001. Ne=sm Df 
*100:02. NC=D‘Ne Df 

The definition “Ne” is required chiefly for the sake of the descriptive 
function Ne‘a, We have 
#1001. Ε΄ Ne‘a=8(8sma)= A (asm β) 

This may be stated in various equivalent forms, which are given at the 
beginning of this number (*100°'1—16). After a few propositions on Ne as 
a relation, we proceed to the elementary properties of Ne‘a. We have 
#1003. -L.aeNe‘a 
#10031. F:aeNc'8.=.8eNe'a.=.asmf8 ᾿ 
#100°321. F:asm β.9. Νοία Ξ Νοῖβ 
*10033. F:qitNe‘an Νοβ. 9. αβ β 


We proceed next to the elementary properties of NC. We have 
#1004. FipeNC.=.(qa).n~= Nea 
#10042. Fip,veNC.qipav.d.p=p 
#*100°45. F:iweNC.acp. Dd. Nea=p 
#10051. FiweNC.aep.d.sm“p= Nea 


Observe that when we have such a hypothesis as “μεν, the p, though 
it may be of any type, must be of some type; hence the w cannot have the 
typical ambiguity which belongs to Ne‘a. If we put μ-Ξ Ne‘a, this will hold 
only in the type of 4; but “sm“‘z” is a typically ambiguous symbol, which 
will represent in any type the “same” number as μι Thus “sm‘*y = Nea” 
is an equation which is applicable to all possible typical determinations of 
“sm” and “Ne.” 

#10052. FiweNC.qiv.d.sm με NC 

The hypothesis ΤΟ is unnecessary, but we cannot prove this till later 
(#102), 

We end the number with some propositions (*100°6—64) stating that 


various classes (such as ua), which have already been proved to be similar 
to a, have Ne‘a members. 
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410001. Ne=sm Df 

¥10002. NC=D‘Ne Df 

41001. +.Nefa=8(8sma)=8(asmf) [#32-13.*73'31 . (*10001)| 
#10011. +.Nea=8|(qR).Rel31.D‘R=a.0‘R=B} [#1001 *73-1] 


410012. +. Ne‘a=A{(qR). Rel 1.aCD‘R. B= Rea} 
(#1001. *73-12] 


_ 
410013, +. Ne‘a= “(1 La D‘a) = D“(1 > 1a da) 


Dem. 
b 10011 . #836. 3+. Nefa= A(qR).Rel > 1. Re Dea. R=} 
[#22°38.437°6] = U(1 10 D‘a) (1) 
ΕΟ #1001 . #731. 433-61. DE. Nofa=Ai(qR). Rel—>1.Re Oa. Ὁ. Ε -- βὶ 
[422°33.%37-6] =D(1 > 1 Ua) (2) 
F.(1).(2). D5. Prop 


410014. +. Nefa=6((qR).aCG‘R. Rh acl 1. B= Βπαὶ 
[73-15 . #1001] 


A 


*10015. Ε. Νοία Ξ β {(qk): EN A“: 
x, yea. Ra=Ry.d,,.c2=y: B= Ra} 
Dem. 
Εν. «74111. 
Fi EW Rare,yea Rve=Ry.d,,.0e=y: 8=har=: 
Rhael sa Cls.aCGR. Rf aclw1.8=Rha (1) 
Εν (1) #471. #10014. DE. Prop 


*100'16. Ε. Ne‘a= 8 (qh) τι yea. Dey? Raw Ry.=.e=yr. B= Ra} 
Dem. 

F.*7159.5 

bina, yea. ony: ἴω τ Ry.s.2=y1.=.Kkfaclol.aC dr (1) 

F.(1).*100'14.54. Prop 

#1002. F.EINecfa [#32712 .(*100°01)] 


*100-21. +.d‘Nc=Cls 


Dem. Εν *37°76 .(*100°01). DF. ‘Ne C Cls (1) 
F.*33°431.%*1002. D3F.CisCG‘Ne (2) 
F.(1).(2). 54. Prop 

#10022. -.Neel—oCls [#7212.(*100-01)] 
*1003. F.aeNe%a [¥73'3 . #1001] 


Note that it is fallacious to infer q!Ne‘a, for reasons explained in the 
introduction to the present section. 
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*10031. FraeNe'8.=.8eNefa.=.asm@ [#8218 .#73-31 . (*100°01)] 
*10032. FiaeNe‘8.BeNe'y.D.aeNe‘y — [#100'31 . #7332] 
*100:'321. F:asm8.3.Ne‘a=Ne‘S8 
Dem. 
F.#*73'37.3b:.Hp.Dd:ysma.=,.ysm 8: 
{*100-1] 5: Nefa=Ne‘8:. +. Prop 
Note that Nefa=Ne‘8.>.asm is not always true. We might be 
tempted to prove it as follows: 
F.*l001.3F:.Ne‘a=NeB.=:ysma.= 
[5101] ϑιαδιηα.Ξ,αβηιβ}: 
[*73°3] D:asm β 
But the use of *10°1 here is only legitimate when the “sm” concerned is 
a homogeneous relation. If Ne‘a, Ne‘@ are descending cardinals, we may 
have Ncfa=A=Ne‘8 without having asm 8. 


*100°33. F:q!Nefan Ncf8.>.asm8 


Dem. 
F.*1001.3+:Hp.3.(qy)-ysma-ysmf. 
f#73°31] >.(qy).asny.ysmf. 
[*73°32] D.asm§:DF. Prop 


Note that we do not always have 
asm §8.>.q!Ne‘an Ne‘p. 
For if the Ne concerned is a descending Ne, and ἃ and # are sufficiently 
great, Nc‘a and Ne*@ may both be A. For example, we have 
Cau —a)sm Cla νυ — a). 
But Ne (a)Cl{(av ~ a) =A, so that 
wn Nec (a)Cl(a vu — a) α Ne(a)Cl(avu — a). 
Thus “asm 8.>.q ! Ne‘an Ne‘8” is not always true when it is significant. 
*100°34. F:q!Nefan Ne‘8.5.Nea=Ne‘8 [#10033°321] 
#10035. F:i.q!Nefa.v.qiNef8:3: 
Nefa=Nc'B.=.aeNeB.=.8e Nea. =.asmB 


Dem, 
F .*22°5. D':.Hp. Dd: Nefa=Ne'8.3.q!NeanNeB. 
[*100'33] >.asm (1) 
F.(1).*100321.3+:.Hp.3:Ne‘a=Nef8.=.asm 9 (2) 


F.(2).*100°31. DF. Prop 


Thus the only case in which the implications in *100°321'33'34 cannot be 
turned into equivalences is the case in which Ne‘a and Ne‘@ are both A. 


#10036. Fi. 8eNe‘a. D:qia.=.q!IP [*100°31 .*73°36] 
*1004. F:weNC.=.(qa).p=Nefa [37-78-79 («100°02°01)] 
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#10041. +.NefaeNC [1004-2 . #14204] 
410042. FipveNC.qiyav.d.p=v 


Dem. 
t.*l004.5F:Hp.3.(qa,8).~=Nefa.v=Ne8. qi Nean Nes. 
[*100°34] >. (qa, B).w=Nefa.v=Ne‘B.Nea=Ne‘s. 
[*14°15] D.~=vi dt. Prop 


*100°43. F.NCeCls’ excl [*100°42.*84:11] 


#100°44. Fi.peNC.q!tNe'a.diacyu.=.Nea=p 
Dem. 
F.*1003.3F:Ne‘a=p.d.aep (1) 
F.#l024.Db:neNC.q!Nea-aeyw.D. 
peNC.qiv.q! Nea.acy. 
[κ1004] 9.(ηβ).μΞ ΝΟ β ΠΤ ΝΟβ. ΝΟ ἀἐΝοβ. 
[x100'35] 592.(ηβ).μἘΝΟΩβ. ΝοίαΞξε Νοίβ. 
[κ14.15] 9. Νοίατεμ (2) 
F.(1).(2). DF. Prop 
*100°45. Ε: με NC. εμ. 5. Νρία ΞξΞ bb [*100°4°31°321 | 
*100°5. Ε:μεΝύνα, βεμ.39. αϑὸβ 


Dem. 
+. *1004.3F:Hp.3.(qy).-p=Nevy.a,BeNe'y. 
[*100°31] >.(qy).asmy.@smy. 
[*73°31°32] >.asm 8: 9+. Prop 
#10051. F:weNC.aep.D.sm“y= Ne‘a 
Dem. 
F.*1005. Fact. >F:.Hp.3:8epn-ysm8.>.asmf8.ysmP. 
[*73°31'32 | D.asmy. 
[*100°31] D.vye Nea (1) 
Εν (1). #10°11°21:23 .43871.3+:Hp.>.sm*pC Ne“a (2) 
F.*100°31. D+:.Hp.diyeNefa.d.ysma.aep. 
[*37-1] >a.yesmp (3) 
F.(2).(8). 3. Prop 


#100511. tq! Ne‘. 9. sm“ ΝΟ = Net 


Here the last “Ne%Q” may be of a different type from the others: the 
proposition holds however its type is determined. 


Dem. 
F.*100°5141.3+:aeNcf8.D. sm‘* Nes = Nefa 
[*100°31°321] =Nec‘s (1) 


Εν. (1). ΚΙ01138.. 9 Ε΄ Prop 
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*10052. FKrweNC.qty.D.sm%peNC [*100°51°4] 

This proposition still holds when με ἡ, but the proof is more difficult, 
since it depends upon the proof that every null-class of classes is an NC, 
which in turn depends upon the proof that Cl‘a is not similar to ἃ or to any 
class contained in a. 


#100521. Fi: weNC.qism“p.5.sm“sm“u =p 


Dem. 
| .*37°29. Transp. F:.Hp.d:q!p: 
[*100°52] D:sm“weNC: 
[*100°51.Hp] Divesm“u.d.smn‘‘sm“y = ΝΟ (1) 
F.x371.Fact. Dk: Hp.vyesm“p.d.(qa).aew.ueNC.ysma. 
[*100°45°321 ] >. (qa). Nefa=p. Ne'y=Nefa, 
[*13°17} D.Nefy=u (2) 
F.(1).(2). 95. Hp.vesm“pz. .smsm“‘u = w (3) 


Ε. (3) .#10°11:23°35.. D+. Prop 

#10053, Fs.qiweqiv.-I:weNC.v=smy.=.veNC.y=smy 
Dem. 

+. #10052. DIk:.Hp.DdsweNC.v=smu.d.veNC (1) 

F.#100521, +: Ηρ. μεΝΟ,ν τ βιημ. 3. μτε βίην (2) 

Ε.(1)ὴ.(). 9Ε:ἩΗΡ.Ξ9: με ΝΟ, ν τ ϑμ. 9. ΡΕΝΟ μτ θῖν (8) 


Yb 
(8). (8) 22 DF. Prop 


*1006. F.taeNefa [x73°41 .*100°31] 
#10061. Ε. β ((qy).yea.B=Uxulty} eNova [73-27 . #5421. #10031] 
*100°62. F.xl “ae Ne‘a [*73-61 . ¥100°31] 
*100 621. Ε. | «ae Nea [*73°611 .*100°31] 
#10063. |. e4%t‘ae Nea [*83'41 . *100°31] 
*100°631. F. D*e,‘t'ae Nefka [483-7 . 1006] 
*10064. b:«eCls’excl. 2. D“es%« C Ne“ 
Dem. 
Εν #843 .*8014.3b:Hp. Reese. >. Relic Oh, 
[*73-2.%100'31] >.D‘Re Nee: D+. Prop 


R&W II 2 


101. ON 0 AND 1 AND 2 


Summary of *101, 


In the present number, we have to show that 0 and 1 and 2 as previously 
defined are cardinal numbers in the sense defined in *100, and to add a few 
elementary propositions to those already given concerning them. We prove 
(#101°12-241) that 0 and 1 are not null, which cannot be proved, with our 
axioms, for any other cardinal, except (in the case of finite cardinals) when 
the type is specified as a sufficiently high one. Thus we prove (*101°42°433) 
that 24, and 2,,, exist; this follows from A+V and A+V. We prove 
(*101'22'34) that 0 and 1 and 2 are all different from each other. We prove 
(#101'15'28) that sm“0=0 and sm‘‘1=1, but we cannot prove sm‘‘2 =2 
unless we assume the existence of at least two individuals, or define the first 
2 in “sm“2=2” as a 2 of some type other than 2;,4;,, where “Indiv” stands 
for the type of individuals. 


It should be observed that, since 0 and 1 and 2 are typically ambiguous, 
their properties are analogous to those of “Ne‘a” rather than to those of μ, 
where we NC. For example, we have 


#100511. F: qi Nef8.3.sm“NefB=Nefs 
but we shall not have we NC. q!y.3.sm‘‘u =p unless the “sm” concerned 
is homogeneous, since in other cases the symbols do not express a significant 


proposition. But in #100°511 we may substitute 0 or 1 or 2, and the 
proposition remains significant and true. In fact we have (Κ101.1.2.81) 


F.0=NefA.1=Neft'a. 2 = Nef(itta uta), 
where 0 and 1 and 2 have an ambiguity corresponding to that of “Ne.” 


.0O=NefA [%73°48 . Κ]001] 


*1011. + 
#10111. +.0eNC [*101-1 . *100°4] 
*101:12. -F.q!to [*51°161 . (45401)] 
#10113. F.qtOnClfa.XNeO0nClf [#5116 .*60'3] 
*10114. FiNey=0.=.y=A 
Dem. 
F.*1l01112.>5+: Nefy=0.=.Ne'’y=NefA.qINctaA. 
[*13°194] =.Ne'y=NefA.qiNesA.q! Ney. 
[*100°35] =.yeNe‘A.qiNesA.qi Ney. 


[#1 01°1.454-102] 
[#101-1-12.413-194] 


»yH=A.qINeA.qiNe’y. 
-y=A: DF. Prop 


HI 
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*101:15. |.sm“0=0 
Dem. 
F.x371. D4: yesm“0.=.(qa)-ae0.ysma, 
[454-102] =.ysmA. 
[*73°48] =.ye0: DF. Prop 
#10116. Fi.weNC-—t0.d:aen.2.-q ia 
Dem. 
F.*100°45 . DikipeNC.Acyp.d.p=NefA 
[*101-1] =0 (1) 
Ε, (1). Transp. ΞΕ :-4eNC—-10.d: Anrep: 
[#2463] Diaen.d,.qlas. IF. Prop 
#10117. F:AeNea.=.Nefa=0.=.Nea=Ne‘A.=.a=A 
Dem. 
F.*100°31:321.DF:AeNe‘a.d.Nefa=NefA. 
[*101°1] >.Nefa=0 (1) 
Εν. 10118, ODF:Nefa=0.5,. Ace Nefa (2) 
F.(1).(2). Dk:AeNea.=.Nefa=0. (3) 
[Κ101.1] =.Ne‘a=NefA. (4) 
[*101°14] =.a=A (5) 
F.(3).(4).(5). 95. Prop 
1012, F.l=Net’e [*73'45.%1001] 
*101-21. F.leNC [*101'2 .%*100°4] 
*101:22. £.1+0 
Dem. 
Ε. #5221. #10113. 53b.Arel. AcO. 
[¥13-14] DF.1+0 
*101:23. F.1n0=A 
Dem. 
F. #5221, Dkiael.D.azA. 
[κ84.102] D.ared (1) 
Ε. (1). 2439.54. Prop 
*101-24. F:qtla.d.qtlaCl 
Dem. 


b.#52-22.%606. DE: zea.d.ltel an Cla (1) 


F.(1).#10°11-28. D+. Prop 


20 
4101-241. 


*101:25. 
Dem. 


*101:26. 
Dem. 


*101:27. 
Dem. 


*101:28. 
Dem. 


#*101:29. 
Dem. 


CARDINAL ARITHMETIC 
Fem !l [52-23] 
Frael.8Ca.8+a.3.860 


| .*52°64. #22621. Dbrael.8Ca.d. Rel v0 


Εν x5 2-46 . Dt:a,Bel.8Ca.d.B=a: 
{Transp] Dk:ae1.BCa.B+a.9. Brel 
F.(1).(2).-. Prop 


Ε.8(] Π ξου] 


F.*60°371 . κ40.48.2.. 9540] ζου] 


Εν 60.8.34, DEN e Clie. ise e ΟἸίῳ. 
[κὖ2.22..κ40.4] DE. Aes*Cl"1 wee sfCl 1, 
[#5 1-2.452°1] DF.0Cs C11 1.0 901. 
Εν (1). (8). +. Prop 


Ε.1 - ἃ ((1α). Φεα.α-- τ ε0} 


F.*54°102.5 
bi(qa).wea.a—leeQ,=.(qe).wea.a—ta=A. 
[*24°3] =.(qav).vea.aCee, 
[*51°2] =.(qr).a=Ua, 

[52-1] =.ael:>+.Prop 

Ε΄. 8125] = 1 
b.a371.>bsyesm"1.=.(qa).ael.ysma. 
[521] ΞΞ .« (Π}. Ὁ βιὴ ὦ. 

[κ718.45] =,yel: Dt. Prop 


Frufme Nea. =.Neqg=l.=. Ne‘a=Neti‘a@.=.ael 


F.*100-31°321, DksifeeNea.Dd.Neia=Netss. 


[*101°2] 5. Νοία -ΞΞ 

F. #5222, DE: Nefa=1.5.U%we nea 
F.(1).(2). Dkr if~eNefa.=.Nefa=1. 
[*101-2] =. Nefa= Net‘ 
F. #1012 .%521.5b:ae1.3.Nea=1 

Γι *100°3. Dt:Nefa=1.D.ael 


F (8). (4). (δ). (6). DF. Prop 


[PART III 


(1) 
(2) 


(1) 


(2) 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
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*101°3. Ε Π φὲν - 5 2= Ne“(ita: ω ify) 


Dem. 
Εν 18.11.48. #51231. 54s. Hp. Dr2$w.d. (2. Uw)sm (αν Ly): 
[κ54Φ101] 5: βε32.3. βδια(ια vty): 
[*100°1] D:2CNe(t'a v 0) (1) 


+ .*53'32.*71163.5F: ὲ] - 1. Ὡψέε .5. 
Κα(ιων ) Ξυν ἐ, (2) 
+.*71°56.Transp. DF: Hp. ε1-21 ὦ ε .5.ὄ Ras Ry (3) 
Ε.(2). (3) «#5426. 
Fi. Hp.>:Rel—l.ayceCh. B= Rev vy).d.8e2: 
[¥10°11-21-23.451-234]> :(qR).Rel—»l.eur'yCOR. B=R“(avc'y). 
».f8e2: 
[*73°12.*100°1] >: Nef(tSe v tty) C2 (4) 
F.(1).(4). 54. Prop 
#101301. +. 2=@{(quv).vea.a—iwel} [543] 
In comparing *101°31 with *101°1-:2°3, it should be observed that {ὦ 
and A are both classes, whereas in *101:1°2°3 there was no typical limitation 
beyond what was imposed by the conditions of significance. 


#10131, +.2=Ne(s%‘a vet) 


Dem, 
F.*51L161. Db.tetA (1) 
F.(1).*101°3. D+. Prop 
*101:32. ΕΓΖ ΕΝΟ [Κ101.31.. *100°4] 
*101:33. F:a,Bel.anB=A.D.auBe2 [5443] 
*101'34, +.24+0.2+1 
Dem. 
Ε.Ἀ10118. D>F.Ac0 (1) 
F.#101°301. Drrae2.9.qla: 
[*24'63] Dk.Arve? (2) 
Ε.(1). (2). #1314. 5Ε.2:-Ὸ (3) 
Εν #5222 4.26. *2256. Db. uyel. tyre. 
[κ18:14] 5.152 (4) 
Ε. (9). (4). D+. Prop 


*101:35. Ε.2οθτ- Δ. 91 πΞλ [100-42. Transp . Κ101.11.31.52.34] 
*101:36. Frae2.8Ca.B+a.>.8e0Vl 
Dem. 
Εν δά 42, Drsac2.BCa.qifP.B+a.9.B8e1 (1) 
F.*54102.. ΞΕ: 1β.2.βεῦ (2) 
Ε. (1). (2). D+. Prop 
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#10137. +.sCI2COULV2 [κ84.411] 
410138, F:g!2.3.8°Cl"2=O0vul v2 


Dem. 
F.*60°3. Dt: Hp.d.(qa).ae2.AeCla. 
[*40°4] D.AesCl2. 
[κ819] 2.06 ς6]1.2 (1) 
t.*60°34. Dk. 2Cs°Cl*2 (2) 


F.*54101. 58 :: Hp. 9 :. (qa,y).c+yt 


[¥13°171.Transp] 9.1. (παν ψ) τι (δ) τότ αν τὴν: 

[4:26] 9: (πῶ, ψ):. ()Ἐιιυ εδιν υνμεῖλι. 
f11-26.%22'58] D:. (2) τὸ (qa, B)raeQ.ezeCla.v.Be2®.ueeClB:. 
[κ404] D(z). ι'2 ε8.0(] 2 :, 

[κ821] 2:1 C ςΟ] (9) 


F. (1). (2). (38). Κ101.37.2Ε. Prop 
1014. Ετ(α, 2). ἀξ Ξ.π|}232 


Dem. 
P.k5426. Dbraty.d.q!2: 
[Κ1111.35] DEs(qa,y).aty.9.q!2 ΟῚ) 
b. #54101. Db rac2.D3.(qay).atys 
[10:11:23] DEsq!l2.3.(qay).aty (2) 
r.(1).(2). DF. Prop 


When we are considering the lowest type occurring in a context, our 
premisses do not suffice to prove (qa,y).2+y. For every other type, this 
can be proved. Thus A+V and A+V give the required result for classes 
and relations respectively. 


#10041. Ε: (1). ἘΝ .Ξ «12 


Dem. 
t.*24:14. Transp. 2 
Fs. (qa). tet Vi. =s(qe):(qy). yore a: 
[*51°15] =:(qa,y).a+y: 
[*101°4) =:qi2:. D4. Prop 

#*101°42. ΕΒ . Ἤ ! 21s . tA VW ἐγ € Zoe 

Dem. 

Γι #2041 .4247.5b.A,VeCls.A+V 6) 


Εν. (1). κῦφοθ. DE. efAuL Ve? λυ ῦ (68. 
[κ68.371105] Dh. AuIVelantCls. 
[(*65°01)] 5Ε.μΑλν κὰὺῦ €2q,+ D+. Prop 


#10143. Ε.Ἢ !2e4 [Proof as in *101°42] 


102. ON CARDINAL NUMBERS OF ASSIGNED TYPES 


Summary of *102, 


In this number, we shall consider a typically definite relation “Ne,” ἐσ. we 
shall consider the relation, to a class ὃ which is given as of the same type as 
8, of the class μ of those classes y which are similar to ὃ and of the same type 
asa. We shall then put 

fe = Ne (αρ) ὃ, 
ye Ne (αρ)" ὃ, 
Ὑ SMa, 6) ὃ, 
and the class of all such numbers as w for a given a and 8 we shall call 
NC (a), so that 
NC8 (a) = D‘Ne (az). 

The notations here introduced for giving typical definiteness to “sm” and 
“Ne” are those defined in *65 for any typically ambiguous relation. 

By *63:01-02 we have, if a is a typically ambiguous symbol, 

Fia,=an ta, 
Ε΄. α(ω)Ξ α αι. 

Thus F.a(#)=ay,. If we apply the definitions to 1, “1,” is meaningless 
unless ὦ is a class; we therefore write a Greek letter in place of «, and we have 
Filg=lntfB=1 n(espyu —t*8). 

If xe 8, we shall have ta =8.v.t'w+ PB. Hence 

Five B.d. tre lg. 
Similarly brane 8.3. Uwe lg. 
Thus Fivet{B.d.twelg. 

The converse implication also holds, so that 

bFivetfB.= .t*ve lg. 

Thus 1, consists of all unit classes whose sole members # either are or are 
not members of 8, i.e, for which “xe 8” is significant. 

In “wet{B.>.t‘velg,” the hypothesis renders explicit the condition of 
significance; thus “t‘we1,” is always true when significant, and always signi- 
ficant when x et,“8. On the interpretation of negative statements concerning 
types, see the note at the end of this number. 

It should be noted that all the constant relations introduced in this work 
are typically ambiguous. Consider e.g. A, sg, D, 8, ὁ, Z, t, ε, Cl, Rl. These 
all have more or less typical ambiguity, though all of them have what we will 
call relative typical definiteness, i.e. when the type of the relatum is given, 
that of the referent is given also. (In regard to D, it is not true that, conversely 
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when the type of the referent is given, that of the relatum is also given.) But 
“sm” and “Ne” have not even relative definiteness. When the type of the 
relatum is given, that of the referent becomes no more definite than before; 
the only restrictions are that the relatum for “sm” or “Nc” must be a class, 
that the referent for “sm” must be a class, and that the referent for “Ne” 
must be a class of classes. When a relation R has relative definiteness, it is 
enough to fix the type of the relatum; and if further Re 1 -- Cls, so that R 
leads to a descriptive function, “R‘y” has complete typical definiteness as soon 
as the type of y is given. Now the constant relations hitherto introduced, 
with the exception of “sm” and “V,” have all been one-many relations, and 
have been used almost exclusively in the form of descriptive functions. Hence 
no special notation has been required to give typical definiteness, since “R‘y,” 
in these circumstances, has typical definiteness as soon as y is assigned. But 
with the consideration of “sm” and “Ne,” which do not have even relative 
definiteness, an explicit means of giving typical definiteness becomes necessary. 
It should be observed, however, that “Nc‘d” has typical definiteness, when ὃ 
is known, as soon as the domain of “Ne” has typical definiteness, since ὃ must 
belong to the converse domain. It is for the sake of this and similar cases that 
we introduced the two definitions in *65, which only give typical definiteness 
to the domain. 


In virtue of the definitions in *65, if R is a typically ambiguous relation, 
and « 1s a referent, R becomes R,; if, further, y is a relatum, R becomes 


= > -} 
Rey. If «is areferent for R, we have (qy).ae Ry, and R'yeD‘R. Thus 


DR has a member of the type next above that of ὦ, 1.6. of the type of εἴ. 
Thus - 
I + 9g4(Re)= ΠΟ) 
and b. sg"{ Riz,y)} =(R) (ay) 
as was proved in *65. Hence in particular 

Ε΄ sg*{sm (a,a)} = Ne (ag). 

It is chiefly for this reason that it 15 worth while to introduce the defini- 
tion of R (ay). 

We have, in virtue of the above, as will be proved in *102°46, 

bivetfa. ὃ εἰ. ἡ 5τὰ ὃ. ΞΞ γε Ne(ag)‘6. 

With regard to “Ne (a),” which is to be interpreted by «65-04, some 
caution is necessary. This will mean some one of those typically different 
relations called “Nc” which have their domains composed of terms of the 
same type as a. But it will not mean the logical sum of all such relations, 
because these relations are of different types according as their converse 
domains differ in type, and therefore their logical sum 1s meaningless. Thus 
for example if the type of β is lower than or equal to that of a, we shall have 

ta! Ne (a8, 
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whence, if “Nc(a)” has its converse domain composed of terms of the same 
type as ἡ, 
yP ᾿ Εν Awe D‘Ne (a). 
But if @ is of higher type than a, we shall find 
ΕΥ Ae D‘Ne (a). 
Thus “Ne (a)” is indeterminate in a way that makes a practical difference. 

Exactly similar remarks apply to NC (a). We have 

Ε. NC (a)= D‘Ne (a); 

thus “NC(a)” shares the ambiguity of “Ne(a).” The question whether 
A ¢ NC (a) depends upon the decision of this ambiguity. The difficulty is that 
“NC (a@)” stands for the domain of any one determination of “Ne” which has 
its domain composed of objects of the type of να; but itis the domain of only 
one such determination of “Ne,” because different determinations are of dif- 
ferent types,and therefore cannot be taken together, even when their domains 
are all of the same type. In consequence of this ambiguity, “NC (a)” isa symbol 
which is as a rule better avoided, and “Nc(a}” is not often useful except as 
a descriptive function, in which case the relatum supplies the requisite typical 
definiteness, 

The peculiarity of “NC (a)” is that it is typically definite, and yet is 
capable of different meanings: it is not wholly definite, being defined as the 
domain of a relation whose converse domain is typically ambiguous. It results 
that we cannot profitably make “NC” half-definite, as “ NC (a)” does, but must 
make it completely definite, as we do by taking D‘Ne(ag). For this we adopt 
the notation NC*(a). We cannot adopt the notation NC (ag), because that 
would conflict with «65°11, nor NC(a)g, because that would conflict with 
*65°01, nor NCg (a), for the same reason. But NC* (a) has no previously defined 
meaning. We may if we like regard “NC*” as D(Nc[t‘8). Then the required 
meaning of “NC (a)” would result from «65:04. But as “NC*” so defined is 
not required, it is simpler to regard “NC* (a)” as a single symbol. We there- 
fore put 
*102°01. NC*(a)=D‘Ne(ag) Df 

The present number begins with various propositions (*102'2—27) on a 
typically definite relation of similarity, i.e. sm ag). We then have a set of 
propositions (*102°3—'46) on “Ne (ag)‘6.” This is only significant if 8 and ὃ 
are of the same type; it then denotes the class of those classes which are 
similar to ὃ and of the same type asa. We then have a set of propositions 
(*102°5—-64) on NC# (a), 7¢. on cardinals consisting of classes of the same 
type as a which are similar to classes of the same type as 8. We next prove 
(*102'71—-75) that no sub-class of a is similar to Cl‘a, and therefore 
(substituting ¢,‘a for a) no class of the same type as a is similar to ¢a, and 
therefore 


#102-74, Ε. Λε NC*(a) 
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This proves that A is a cardinal, which is a proposition constantly required. 
The remaining propositions of «102 are concerned with sm‘‘w where μ is a 
typically definite cardinal. 


The most useful propositions in this number (apart from *102-74) are 


1023. Fiysmes 8.=.ye Ne (αρ) ὃ 


*102°46. Frye Ne(ag)'S.5.5eNe(Ba)'y- =. ysmd.yetfa.detB 
*102'5. Ετμενῷθ (a).=.(q8). 4 = Νο (αρ) "ὃ 

#1026. |+.Ne(a)§8=Ne (αρ)4β τε ἢ (γ βιὰ. eta) = NefBn ta 
#10272. F:8Ca.3.~(8sm Cla) 


This is used in proving we NC. >. 2" > μ, which is the proposition from 
which Cantor deduced that there is no greatest cardinal. (If ~=Ne‘a, 
2" = Ne‘Cl‘a, and thus there is a rise of type.) 

102. 84. F:(qy).ysma.yeta.dsmy.=.dsma 
ἈΠΟ 85. Ε΄ βη"μ ὦ {4 =sme ‘pu 


*10201. NC®(a)=D‘Ne(az,) Df 
#10211. Ε: ἢ ε1-- 1.9. Rey ΕἸ (ὦ) 1 (y) 

Here, if & is a real variable, the conditions of significance require R = Ry,y. 
But if R is a typically ambiguous constant, such as Z or A or sg, Ry,» is a 


typically definite constant. It is chiefly for such cases that propositions such 
as the above are useful. 


Dem. 
b .¥87-402 . (K65°1). DF. D‘ Rig, y Cte. 
[*33°15] DE. {se Re, we C ta. 
[*63°5 ] DE. {se* Rua, 9}. εἰ (1) 
Ε. (1). «71102. 9Ε:ΗΡ. ΖΕ Rey. 9. {sot Ru wheel nite. 
[(*65-02)] D.fsg'Ryy|Zel(z) (2) 
Similarly t:Hp.weD*Rz,.9. {gs Ry yiwel(y) (8) 
Ε. (2). (8). ΚΤΟῚ 9 ΕΓ Prop 

*10213. +: Rel—+»1.3.R,el(@) 1 [Proof as in *102°11] 


*1022. F:iysmag 5.=.ysmd.yeta.dset'B [*35°102 . (*65°1)] 

*102-21. Fiysma, §.=.(qR).Relo1.D Reta. 
C‘Ret'8.D‘R=y.QR=8  [*102:2.*73-1] 

#10222. biysm(a,y)S.=.ysm8.yCta.dCity [63:5 . (x65°12)] 


*102-23. Ε τ γ 81 (ὦ, ψ) δ. Ξ. (18). ε1- 1 DRCt a. 
ΝΟ. πα τὸ [Ἀ102:22. *73°1] 


Ι 
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#10224. Fiysm(#,y)6.=.(qR).Rel (ω) -Ὁ  ᾧ). Θ΄ τη. ((Ε -- ὃ 
Dem. 
ΒΕ. #10223 . %40°5°52°43 . %37°25.D 


—_> 
Ε 5. ἡ 51 (ὦ, ψ) δ. Ξ :( 1: ε1- τε}. Ὁ. RwCtr: 
«-- 
ΖΕ Π.32,. Κι ἐν ΒΕ τ. (ΚΕ --ὃ: 
> «- 
[*63°5] =:(q(R): Rell. ROR CH ae. RDRC tty, 


D‘R=y.0‘R=8: 
[471-102.(#65-02)] =: (q@R).R“ O'R C1 (2). ROD‘ RCL(y).D' Ray. Rad: 
[*x70°1] (qk). Rel(a) oly). ἢ εὸὴ. ΠΕ πεδ:. 5. Prop 
#10225. Ε :  51Ὼ κα,8) ὃ. Ξ. (11). 1 ε1.-ὉὉ 168. ΘΒ ξη. ("τ ὃ 
[Proof as in *102°24] 
#10226. Ε τ 81ὴ α, β) ὃ - γ΄ sinap ὃ - 9... 51} α, α) Ὑ᾽ 


ΜΠ ott 


Dem. 
F.*1022.3+:Hp.d.ysm6é.y7 smh.y¥,¢9' etfa. 
[*73°32] D.ysmey’.y,y' eta. 
[*102°2] D.ysM ao yi Ib. Prop 


#10227. Fiysme, ὃ - Ὑ΄ sM we ὃ « 9. «τ 810 α,« γἁὁ [Proof as in #10226] 
1023. Fiysm ag ὃ .Ξξ .γεῖνο (ἀρ) ὃ 


Dem. 
Εν #3218 .9 
Frys ap ὃ « ΞΞ.Υ [So°Sm io pf “ὃ - 
[*65°2] =. ye {(sg“sm) (ag)}‘6. 
[(*100°01)] =.yeNe(ag)'S: DF. Prop 


#10231. +. Ne(ag)8:= D*{1 31a R(D*Reta. Re t'B.UR=8)} 
Dem. 
Εν «1023-21. 
t syeNe(ag)'S.=.(qR).Relwl.D Reta. d‘Ret(8.DR=y.aR=5. 
[433°123.437-1] =.yeD“{lola R(D‘Reta. Ret'f.TR=8): 
DF. Prop 


It 


«-- 
#10232. Ε΄ Ne(ag)S=D{(1, > 1s) ΔΕ “δ) 
Dem. 
Εν. #102°3-25 . D 


k:ryeNe(as)'6.=.(qR). Rel. lp. D‘R=y.0'R= ὃ. 
[1381] . (1).  ε1. --Ἔ Ip. εα δ, ΒΕ τὸ. 
[*33°123.437°1] =. ye D{(1.— 1p) 9 δ} 2 DF. Prop 

#10234. +.Ne(a,8)S=D*{lLolnR(D‘Reta.RCKB. AR - δὴ) 
[Proof as in *102°31] 


ΠΙ 
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«-- 
*10235. Ε. Νοία, β)δ-- θ41{{14-- } (6}} α 06] [Proof as in *102'32] 
#102'36. Ε. ΕἸ Νο(αρ) ὃ [*102°31 . ΚΙ 4.21] 
This proposition is true whenever it 18 significant, and is significant when- 


ever d¢¢8. When ὃ belongs to some other type, the above proposition is not 
significant. 


#102°361. Ε. E!Ne(a, 8)‘S  [#102°34. #14:21] 
410237. +.C‘Ne(as) = #8 


Dem. 
F .¥37°402 . (65°11). DF. ‘Ne (ag) C #8 (1) 
+. *102°36.*33-43. DE.(8).5¢U'Ne(ag). 
[463-14] Dt. t,fA*Ne (ag) = A‘Ne (ag) (2) 
Εν. (1). 63-21. DE. ΟΠ Νο(αρ) τ (β (3) 


F.(2).(38). 3+. Prop 
#1024,  biyeNe(ag)'d.9' ¢ Ne(ag)'d.D.qyeNe(aa)‘y = [#102326] 
#10241. b:yeNe(ag)d.9q'e Ne(a'g)'B.D.yeNe(ay)fy [*102'3-27] 
#10242. F.aeNe(a,)‘a [1023-2 .#73°3 . *63°103] 
#10243. F.qiNe(a)a [10242] 
This inference is legitimate because, when ἃ is given, “ Nc (a,)‘a” is typically 
definite. The inference from “ae Ne‘a” (which is true) to “ἢ ! Ne‘a” is not 


valid, because “τ ! Ne‘a” may hold only for some of the possible determinations 
of the ambiguity of “Ne.” 


#10244, F:asm@.=.ae Ne(ag)(8.=.f8eNe(P.)‘a 


Dem. 
~ Εν, 69102,9 
bkrasm@.=.asmf.acta.Bet*B (1) 
F. (1) .#102'2°3.55. Prop 
*102°45. Five Ne(ag)'d.D.ye Ne (αι) 
Dem. 
F.#*10232.93F:Hp.d. yet a (1) 
Εν 783. Dkeysmy (2) 
Γ. (1). (2). #10232. DF. Prop 
#10246. bye Ne(ag)'S5.=.8eNe(f,)'y. =. ysm ὃ. γ εἴα. det 


[*102:2'3 . #7331] 
#1025. Fi we NC*(a).=.(q8).=Ne(ag)S [*100-22.*71-41.(*102°01)] 
In using propositions, such as those of #100, in which we have a typically 
ambiguous “Nc” or “NC,” any significant typical definiteness may be added, 


since, when a typically ambiguous proposition is asserted, that includes the 


assertion of every possible proposition resulting from determining the 
ambiguity. 


SECTION A] ON CARDINAL NUMBERS OF ASSIGNED TYPES 
#102501. +. Ne(as)'SeNC#(a) [*102°5'36] 
«10251. b:ye Ne(ag)S.5.Ne(ag)'d = Ne (a,)*y 

Dem. 


F.*1023-2.) 
Ετ Hp. Diysmé.qeta.det'B: 


[473'37.44°73] D:Esmd.=.€smy: Fsmd.=.Fsms. dete: 


Esmy.=.Esmy.yvet a: 
[κ4.:22] τ ξϑι ὃ. δεέβ.Ξ. ξϑια γ. γεία: 
[Fact] D:Esmd. Feta. det§B.=.Esmy. Feta.veta: 


[*102°2°3] D: Νο (αρ) "ὃ = Ne (aa)*y 
Εν (1). #102°501. D+. Prop 
#10252. Fig! Ne(ag)d. 3. Ne(ag)deNC*(a) [*102°51] 
#102'53. +. NC#(a)— e‘A C NC*(a) 
Dem, 
Εν #10252. Db: ~=Ne(agd.qlw.d.peNC*(a) 
Ε.(1). ΚΙΟ2 5. 5. Εἰ Prop 
Ἀ102 564, ΕτδεΝοί(βι)γ.9.. Νὼ (αρ)"δ -- Νὸ (α.)γ [*102'51-46] 
*102541. Fig! Ne(B.)'y. >. Νὸ (αι) γε ΝῸΒ (a) — fA 
Dem. 
L  €102°54°501. DE: Se Ne (Bays 9. Ne (aa)*y e NC# (a) 
Εν 4102-46-45. Dk:SeNe(Paeys 9. ye Ne(aa)’y 
[10-24] 9. qt Ne (an) y 
F.(1).(2).D 
tide Ne(B,)iy. 3. Ne (aa)y e NC# (a) — fA: DE. Prop 
#10255. ΕἸ ΔΕ ΝΟ (β).39. ΝΟΒ (a) -- eh A= ΝΟ" (a) 


Dem. 
F.*1025.5 
F:.Hp. Diw=Ne(Baly. Duy Ale 
[*102°541] Days Nc (αν) γεν (a) — fA: 


[*10°23] Ds: (qu). = Ne(@,)y.D,.Ne(a.)y e NCF (a) --ἰλ : 


[*102°36] 9 : (γ) . Ne(aa)fy e NC# (a) ~ tf A: 
[¥13:191] Di v= Ne(a)y.d,,.veNCF8(a)—efA: 
[#1025] DsveNC*(a).Dd,.veNC8(a)—ttA 

Ε, (1). #10253. +. Prop 


Ne (ag)'Se NC# (a) « Ne (aa)‘y ε NC* (a) 


(1) 


(1) 


(1) 
(2) 


(1) 


The above proposition shows that, if every class of the same type as 8 is 
similar to some class of the same type as a, then, given a class y of the same 
type as a, there is a class ὃ, of the same type as 8, such that the classes similar 
to ὃ and of the same type as a are the same as the classes similar to y and of 
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the same type as a; and conversely, given any class ὃ, of the same type as 8, 
and similar to some class of the same type as a, then there is a class y, of the 
same type as a, such that the classes similar to y and of the same type as a 
are the same as the classes similar to ὃ and of the same type asa. We may 
express this by saying that, if the cardinals which go from the type of α to the 
type of 8 are never null, then those that go from the type of @ to the type of 
a, with the exception of A (if A is one of them), are the same as those that 
begin and end within the type of a. The latter are what we call “homogeneous” 
cardinals. Thus our proposition is a step towards reducing the general study 
of cardinals to that of homogeneous cardinals. 


1026, +. Ne(a)P=Ne(ae/S=F(ysm B.yet'a) =Ne‘Bn ta 
Dem. 
Εν «351 . (65°04). 9 
F:u=Ne(alf8.=.uw=Nefh. wet a, 


[*63°5] =.p=NeB.pCta. 

[*65°13] =.p=Ne‘Bni‘a. (1) 
[*100-1] =.p=7(ysmB.vet a). (2) 
[65.108] Ξε με )ίγβιῃ β'.γεία. Bets). 

[*102°46] =.u=Ne(as/P (3) 


F . (1). (2). (3). #20°2.*100°1. 2 Εν Prop 
*10261. F:d6t8.D.Ne(a)'d = Ne (αρ) ὃ 


Dem. 
bi#473. Db: Hp.9.9(ysm db. ye tia)y=9(ysmd.yetia.det*B) 
[*102°46] = Νο(αρ) ὃ (1) 
F.(1).*102°6. DF. Prop 
*102:62. F.NC#(a)= Ne (a)*t*8 
Dem. 


Εν ΚΘ. (#10001). 9 

Εν Ne(a) #9 = ἃ [(48). δ εἰκβ.. w= Νε (α) δὶ 
[410261] --Αἰ(ῃδ). δείκβ. w= Νο(αρ) δ] 
[#10237] = D‘Ne (ag) 

[(*102:01)] =NC#(a). D+. Prop 


#10263. Ετμ- Νοίγι αεμ.9..μ- Νὸ (a)‘y 


Dem. 
F.*635.3+:Hp.d.p=Ney.pCta. 
[*65-13] ῶ.μ-Ξ Nefy ntfa. 
[*102°6] D. w= Ne(a)fy: D+. Prop 


#10264 biweNC.qiu.d.(qa,y).~=Ne(a)y [%102°63. *100°4] 


The following propositions are part of Cantor’s proof that there is no 
greatest cardinal. They are inserted here in order to enable us to prove that 
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A is a cardinal, namely what we call a “descending” cardinal, i.e. one whose 
corresponding “sm” goes from a higher to a lower type. 
#10271. F:ReClso1.D‘RCa.TRCCia.5.q!Cla—-dR 


Dem. 
F. *20°33 .*4°73.D 


Fis Hp.o=9(eeD‘R. ane Rn). ai. 


Na 
weDR.Dzteeo. =.tre Ra: 


[*5°18] ον του 5.06 Ra}: 
[*20°43.Transp.*71:164] 3,: 0 + R‘e:. 

[*71-411.Transp] D:. ave UR (1) 
F. *20°33 .#3'26. DF: Hp(1).3.c0CD‘IR. 

[Hp] Dd.aCa (2) 


Ε. (1). (2) «#13191. 
F:Hp.3.2(@eD‘R.arve Rx) e Cla—-A‘R: D+. Prop 
*102°72, F:8Ca.>D.~(8sm Cl‘a) 


Dem. 
F.*102'71.)+:.Hp.3: Rell. D‘R=8.0'RCCla.3D_n.q1Cla—GR: 


[*24°55.%22°41] 9: Relwl. D‘R=6.52.0R+Cla: 
[*10°51] 9: οἰ 1). Relwl. DR=8.0‘R=Cl‘e: 
[781] 9 : ὐὐἱ βιὰ Clfa):. D+. Prop 
4102 78. Εν ΝΟ(α) απ Δ 
Dem. 
F.#1026.955b.Ne (a)t'a=4(ysm ta. x ε ta) 
[*63°65] = ἢ (ysm Clt,6a sy C (αὐ 
[*102°72] =A,.2+. Prop 


This proposition proves that no class of the same type as ἃ 1s similar to 
t‘a. Now t‘a is the greatest class of its type; thus there are classes of the 
type next above that of a which are too great to be similar to any class of the 
type of a. Thus (as will be explicitly proved later) the maximum cardinal in 
one type is less than that in the next higher type. Cantor’s proposition that 
there is no maximum cardinal only holds when we are allowed to rise to con- 
tinually higher types: in each type, there is a maximum for that type, namely 
the number of members of the type. 


#10274. +. Ae NC" (a) 


Dem. 
F.*1026:501. Dt.Ne(a)tfae NC“ (a) (1) 
F.(1).#102°73. >. Prop 
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Note on negative statements concerning types. Statements such as “ae~we ἐκ" 
or “a~et,“a” are always false when they are significant. Hence when an object 
belongs to one type, there is no significant way of expressing what we mean 
when we say that it does not belong to some other type. The reason is that, 
when, for example, ta and ¢,a are said to be different, the statement is only 
significant if interpreted as applying to the symbols, 1.6. as meaning to deny 
that the two symbols denote the same class. We cannot assert that they 
denote different classes, since “t'a+t,‘a” is not significant, but we can deny 
that they denote the same class. Owing to this peculiarity, propositions 
dealing with types acquire their importance largely from the fact that they 
can be interpreted as dealing with the symbols rather than directly with the 
objects denoted by the symbols. Another reason for the importance of typically 
definite propositions is that, when they are implications of which the hypothesis 
can be asserted, they can be used for inference, 1.6. for the assertion of the 
conclusion. Where typically ambiguous symbols occur in implications, on the 
contrary, the conditions of significance may be different for the hypothesis and 
the conclusion, so that fallacies may arise from the use of such implications 
ininference. Hg. it is fallacy toinfer “t.a! Ne‘a” from the (true) propositions 
“FraeNefa.d.q!Ne‘a” and “t.ae Nea.” (The truth of the first of these 
two requires that “Ne‘a” should receive the same typical determination in 
both its occurrences.) For these two reasons hypotheticals concerning types are 
often useful, in spite of the fact that their hypotheses are always true when 
they are significant. 


*103. HOMOGENEOUS CARDINALS 
Summary of *108. 


In this number, we shall consider cardinals generated by a homogeneous 
relation of similarity. A “homogeneous” cardinal is to mean all the classes 
similiar to some class a and of the same type as a. The “homogeneous 
cardinal of a” will be defined as Ne‘an t‘a; we shall denote it by “Νικία, " 
Then the class of homogeneous cardinals is the class of all such cardinals as 
“N,cfa,” ie, it is D‘N,c; this we shall denote by “N,C.” The symbol “N,cfa” 
is typically definite as soon as a is assigned; “N.C,” on the contrary, is 
typically ambiguous: it must be a Cls*, but otherwise its type may vary in- 
definitely. Homogeneous cardinals have, however, many properties which do 
not require that the ambiguity of “N,C” should be determined, and few which 
do require this. They are important also as being the simplest kind of cardinals, 
and as being a kind to which other kinds can usually be reduced. 


The chief advantage of homogeneous cardinals is that they are never null 
(*103'13'22). This enables us to avoid by their means the explicit exclusion 
of exceptional cases; thus throughout Section B we shall use homogeneous 
cardinals in defining the arithmetical operations: the arithmetical sum of 
Ne‘a and Ne‘, for example, will be defined by means of N,c‘a and N,c‘@, in 
order to exclude such a determination of the typical ambiguity of Ne‘a and 
Ne‘8 as would make either of them null. It is true that not only homogeneous 
cardinals, but also ascending cardinals (cf. *104), are never null. But homo- 
geneous cardinals are much the simplest kind of cardinals that are never null, 
and are therefore the most convenient. 

The fact that no homogeneous cardinal is null is derived from 
#10312. bF.ae N,cka 

Other important propositions in this number are the following: 
*103-2. biweN,C.=. (qa). μ-Ξ- Νοία ὦ ἐία. Ξ. (1). μΞ Νιοία 
*103-26. ΕἸ: με ΝΟ. ϑταεμ.Ξ.Νιοαξε μ 

The above proposition is used constantly. 
*103-'27. Finv=Nicia.=.weNC.aep 

Thus to say that μ is the homogeneous cardinal of a is equivalent to saying 
that » is a cardinal of which a is a member. 
*103:301. Ε. NC* (a) =N,C (a) 

*103°34, +.NC-—iACN,C 
*103-4. + .sm‘‘N,cfa = Ne‘a 
*103-41. F.sm“Ny cian ἐκ β = Ne(8)a 


3-—2 
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#10301. Ni cfa=Ne‘anifa Df 
#10302. N,C=D‘N,c Df 
1081. +. N,cfa=(Ne‘a), = Ne(a)'a=Ne(a,)fa [¥102°6 . (*108°01)] 
*103-11. +:BeN cla.=.Bsma.8eta.=.BeNea. Bet a 
[*103-1 . *102°6] 
410812. F.eaeNicfa [108-11 . ¥73'3 . ¥63°103] 
*103-13. F.qtN,cfa [410812. 10:24] 
This is a legitimate inference from *103°12 because, when a is given, N,c‘a 
is typically definite. 
*103-14 FN cka=N,c'8.= .aeN ch8.=.8eN,ca.=.asmf.aet’B 
Dem. 
F.*103'11.) 
Fi. Nocfa=N,cf8. =: ysma.yetfa.=,.ysmB.vyet'B: (1) 


[*10-1] Diasma.acta.=.asm@.aet*@: 
[*73°3.%63'103] OD:asmB.aet's (2) 
b.*73°32 . #6317 
Frasm B.aet‘B.ysma.yveta.d.ysmP.vet*B (3) 
Ε.(8) δε _#T3°B1  #63°16 . D 
FrasmS.aetB.ysmB.yeB.d.ysma. ye ta (4) 
b.(3).(4).(1).D 
rFrasm8.acet*8.9.N,ca=N,c'8 (5) 
Ε. (2).(δ). #L08-11 . #73°31 .#63°16 , DF. Prop 
#10315. biq i Νά N,ci@.=. Nocta=NyotB 
Dem. 

F,#*103-13.3F:N,cfa=N,c8§8.3.q! Nockan ΝΟ β (1) 

Εν #10314. Dh: ye Nicfa.ye Nock8. 2. Νιοία-- Nyoty. Nef8 = Nicky. 

[¥14-131-144] >. Nie‘a= Nice: 

[¥10°11-23] DErqiN, clan N,ck@.D.N,cka=N,c'@ (2) 


Εν (1). (2). DE. Prop 
*103-16. ΕτΝ,οία --  Νοίβ. Ξ. Νοία -- Νοῖβ 
In this proposition, the equation “Νοία -- Ne‘8” must be supposed to hold 


in any type for which it is significant. Otherwise, we might find a type for 
which Ne‘a = A = Ne‘@, without having N,c‘a= Ne‘. 


Dem. 
F.*103°12. D+: Nica =Nefe.D.aeNc'@. 
[*100°31-321] >. Nefa = Νοῖβ (1) 
F #22481 DF: Ne‘a=Nef@. D.Nefantia=Ne‘Bnta. 
[x65'13.(«103-01)] >. Nyefa = Ne (2) 


Εν. (1). (8). DF. Prop 
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#1032. bipeN,C.=.(qa).p=Nefanta.=.(qa).~=Nieta 
[71-41 . *100°22 . (%103°01-02)] 


#103'21. F.NicfaeN.C.Nicfae NC [#103'2. #10024. #14°28 . *65-13] 


In adducing a proposition, such as ¥100°2, which is concerned with an 
“Ne” entirely undetermined in type, any degree of typical determination may 
be added to our “Ne,” since an asserted proposition containing an ambiguous 
“No” is only legitimate if it is true for every possible determination of the 
ambiguity. 


#103'22. biweN,C.>d.q!lyu [*103-13°2] 
#10323. ΕἸ A~eN,C [*103°22] 
#103'24. +.N,CeCls ex? excl (*100°43 . «10323. *84-13] 
*103-25. Fi.p,veN,C.d:qiwav.=-u=v  [*1038-'24.%84135] 
*103-'26. Fi.peNC.d:aen.=.N cla=p 
Dem. 
F.*100°45. ΡΨ Ηρ. ϑταεμ.2. Νοίατξε μ (1) 
+. *63'22, Deracu.Dd. pC tia (2) 
Ε,.(4). (2). 22.021.2} -. Ηρ. 9 ταεμ.2. Neanta=p. 
((*103-01)] >. N,cfa = μ (3) 
+ .%*103°12. DEN cla=u-.Dd.aepu (4) 
r.(3).(4).9+. Prop . 
*103-27, Fiw=N,ca.s.peNC.aep 
Dem. 


b.#1038-26.3 bi peNC.p=N cia.s.peNC.acp (1) 
F.(1).*103°21.95. Prop 
*103°28. +: (mqa).ysma.u=N,cfa. 
Dem. 
F.*103°27.) 
bi(qa).ysma.p=N,cfa. 


M 


με με Ney 


. (αὐ. γϑια. με ΝΟ, αερμ. 


[*100°31 ] =.mweNC.qipa Ney. 
[*100°42°41 ] =.peNC.qipna Ney. p=Ne‘y. 
[*100-41] =.qiw.pw=Ney: ot. Prop 


*103'3. Ετ:βεΐα.32.. Νιοβ- Ne(a)'@=Ne (om) 8 =NeBn tha 
Dem. 
Εν. 6816. ΞΕΙΗρ. 9. β τείία. 


[κ29.481.(.10801}}] D.N,ci8 -- Νε (β atta (1) 
[*102'6] = Ne(a)8 (2) 
[*102°61] = Ne(a,)8 (3) 


r.(1).(2).(3). D+. Prop 
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103301. Ε. NO* (a) =N,C (a) 


Note that although “NC (a)” is not definite, “N,C(a)” is absolutely 
definite as soon as ἃ is assigned, 


Dem. 
Ε. #1083. 3h: Be ta.p=Nc'B.=.8eta.p=Ne(m)‘B. 
[*102°37] =.np=Ne(a)‘B (1) 
Εν #63°5 . (*103:01). > 
kiw=NcfB.d:Beta.=. pet a (2) 
F.(1).(2). 3s pet®a.p=Nic88.=.~=Ne(a)8 (3) 


F .(3).#*10°11'281°35.D 
bi. pet a: (ἢ). w=N 8:2 .(q8).¢=Ne(a)s- 
[102-5] we ΝΟ (ὦ) (4) 
Εν(4). Ι08:2, Db i pean N,C.=. με NC*(a) (5) 
F.(5).(*#65°02). DF. Prop 
4103-31, brag! Ne(ag)'8.D . Ne (ag). N.C (a) 
Dem. 
+. *102°52.5+:Hp.2. Ne (αρ) ὃ e NC* (a). 
[*103'301] >. Ne (a)5e N.C (a): DF. Prop 
108,82, +.NC*#(a)—eACN,C (a) 
Dem. 
Εν. 10331. 5b: ~=Ne(ag)S.qle-.2.ueNC (a) (1) 
Ε. (1). ἈΙ02 5. D+. Prop 


In the above proposition, the “@” may be omitted, and we may write 
(cf. *103°33, below) 


Fk. NC (a)—tSA CNC (a). 

For the @ is wholly arbitrary, so that any possible determination of NC (a) 
makes the above proposition true. We may proceed a step further, and write 
(*103°34, below) 

F.NC—tACNC. 

But although we also have N,C C NC —1‘A, provided the “NC” on the right 
is suitably determined, we do not have this always. For example, if “NC” is 
determined as NC (#‘a), and “N,C” as N,C (¢‘a), then N,c‘tfa ε N.C — NC. 


¥103'33. Ε΄ NC (a) — κα CN,C(a) 
Dem. 
Εν 42. (%65-02). 9 


FinpeNC(a)—t'A.=:peNC. pe a.qip: 


[*100°4.%63'5] =:(qB).w=NefBipCta.qipv: 
[¥65°13] =2:(q8) p=NfOntargqip: 
[¥102°6] = 1(q8)-#=Ne(as)'@. qty: 
[¥103°31 ] D:weN,C(a):. 3+. Prop 
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*103°34. -.NC-—1ACNC 
Dem. 
t .*100°31°321 . *63°5 . 9 
bip= Nea. Bep.d.p=NefBntp 
[(*108-01)] =N,cs. 
[*103°2] >.uzeN,C (1) 
F.(1).*100°4. #11°11'35°54. 2 Εν Prop 
Thus every cardinal except A is a homogeneous cardinal in the appropriate 
type. Note that although of course every homogeneous cardinal is a cardinal, 
yet “N,C C NC” must not be asserted, because it is possible to determine the 
ambiguity of “NC” in such a way as to make this false. Hence we do not 
get NC —tSA=N,C. 
*103'35. F:A~e ΝΟ" (β). 9. ΝΟΡ̓(α)--κἐελ =N,C (a) [*102°55 . %103-301] 
The hypothesis of this proposition is satisfied, as will appear later, if the 
type of 8 is in what we may call the direct ascent from that of a, we. if it can 
be reached from a by a finite number of steps each of which takes us from a 
type τ to either Cl‘r or ἈΠ (τ 7 7). Thus in such a case the cardinals (other 
than A) which go from ¢‘8 to ¢@ are the same as those which begin and end 
within fa, It will also appear that in such a case A always is ἃ member of 
NC8 (a). If two cardinals which are not equal must always be one greater 
and the other less, then A ε ΝΟ (a) is the condition for N,c‘t*8 > Ne (8)‘t‘a. 
In that case, we shall have Ae NC? (a).>.A~e NC*(8). But there is no 
known proof that of two different cardinals one must be the greater, except 
by assuming the multiplicative axiom and proving thence (by Zermelo’s 
theorem) that every class can be well-ordered (cf. *258). 
*103°4. +.sm*N,cfa= Nea 
Dem, 
Εν 611. 
F:desm*N,cia.=.(qy)-yama-.yet'a.dsmy. 
[*102°84] =.Ssma: Dt. Prop 
*103-41. Ε΄ ΒΝ ρα ἡ ἐβ =Ne(8)‘a 
Dem. 
F.*103°4.5b.sm*N,clan {β τ Νοῖ ἡ ἐβ 
[1026] -ε Νοί(β)α .2Ἐ. Prop 
*103'42, +: β5ηα.:. Νο(β)α- Νιοβ 
Dem. 
F.*100°321.5F:@8sma.3.Ne‘a=Ne‘s. 
[#22481] >. NefantB=NePatf. 
[*102°6.(%103-01)] >. Ne(S)a=N,c'8 (1) 
+. #10312. 35+: Ne(B)a=N.c'8.2. Be Ne(B)‘a. 
[*100°31] >. sma (2) 
F.(1).(2). +. Prop 
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¥103-43. F:weNC.3.sm“pntMu=pe 


Dem. 
F.x8729. Dk:iw=A.2d.-sm"untiw=A (1) 
Εν. #10327. ΞΕ: peNC.depw.d.p=Nca.tfu=ta. 
[*103°41] >.sm‘un ἐρίμ -Ξ Ne (a)‘a 
[*108°3:27] = fb (2) 


Ε. (4). (2). 9 ΕἰὈ Prop 
*103'44. bi. ,veN,C.d:n=sm%v.=.y=sm"p 


Dem. 
t.*100538. Dkiuqip.qiv.pveNC.d:yn,=sm*y.5.y=smpu (1) 
F.*103272.3+:Hp.d>.qty.qiv.pveNC (2) 


.(1).(2). DE. Prop 
¥#103°5. |.0¢eN,C 


Dem. 
F.x1011112.5+.0eNC.q!0. 


[¥103°34] >+.0eN,C.DF. Prop 
*103°51. +.1eN,C 


Dem. 
b. #101-21-241. Db. LeNC.q!l. 


[¥103°34] Db. LeN,C.DF. Prop 


0 and 1 are the only cardinals of which the above property can be proved 
universally with our assumptions. If (as is possible so far as our assumptions 
go) the lowest type is a unit class, we shall have in that type (though in no 
other) 2= A, so that in that type 2~e€N,C. 


*104. ASCENDING CARDINALS 
Summary of *104. 


In this number we have to consider cardinals derived from a relation of 
similarity which goes from the type of @ to that of ¢‘a, or to that of δα. The 
propositions to be proved can be extended, by a mere repetition of the proofs, 
to ta, ta, etc. This extension must, however, be made afresh in each instance; 
we cannot prove that it can be made generally, because mathematical induc- 
tion cannot be applied to the series 

t*a, ta, Ufa, Ba, .... 

Ascending cardinals,though less important than homogeneous cardinals, yet 
have considerable importance in arithmetic, because Nc‘a x Ne“ and (Ne*a)Ne# 
are defined as the cardinals of classes of higher types than those of a and 8, 
and the same applies to the product of the cardinals of members of a class of 
classes. In these cases, however, we also need cardinals of relational types, 
which will be dealt with in *106. 


We have to deal, in this number, with three different sets of notions, 


namely 
*10401. Nieta=Nefan tta Df 
*104:02. NiC=D‘N'c Df 


*10403. μῦ τὸ βυγέμ ἡ tip Df 
with similar definitions of N*c‘a, etc. Thus N’c‘a consists of all classes similar 
to a but of the next higher type, 1.9. it is the cardinal number of ain the type next 
above that of N,c‘a; ΝΟ is the class of all such cardinals as N'c‘a, and is a 
typically ambiguous symbol, though N'e‘a is typically definite when ἃ is given, 
μῷ (if @ is a cardinal which is not null) is the “same” cardinal in the next 
higher type, so that, eg., if μι is 1 determined as consisting of unit classes of 
individuals, μῦ will be 1 determined as consisting of unit classes of classes of 
individuals. (When μ is not an existent cardinal, 4” is unimportant.) 

The following are the most useful propositions in the present number: 
#10412, £:Be Niefa.ye NB. Dd. ve Νῆοία 
*1042. +. ifae Νιοία 
*104-21. Fig! Nica 
#10424. bry=Nefa.d.p=Niecta=N,otB {(qy) yea. B=uau ty} 
*104.25. -.N'CCN,C 
*10426. F:y=N,cfa.d. μὼ =N,c8i'a = Nica 
#104265. +. wu? =sm,"u 
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#10427. FreweNC.d:p=N,cla.=+ ph τὸ Νιρία 

#10435, +. N°>CCNIC.N?CCN,C 

#10443, Fi tfa=t8.D.(qy,8).ye Nica. δὲ Ne B.yndHA 


#10401. Nic‘a=Ne‘antta Df 
This defines the cardinal number of a in the next type above that of N,c‘a; 


thus Νρία consists of all classes similar to a and of the next type above that 
of a. 


*104011. N%c‘a=Ne‘antt*a Df 


Similar definitions are to be assumed for N*c‘a, etc. 


*10402. N1C=D‘N'c Df 
ΝΟ, like N,C, is typically ambiguous; but ΝΟ (α) is typically definite. 
#104021. N°C = D‘N’c Df 


Similar definitions are to be assumed for N°C, etc. 
#10403. vw =sm“un te Df 
Here, if « is a cardinal, «4 is the same cardinal in the next higher type. 


For example, if « is couples of individuals, μ is couples of classes of 
individuals, 


*104:0381. un) =sm“pn PS Df 


Similar definitions are to be assumed for p®, etc. 


#1041. +: βεΝιοία.Ξ. Pe Nea. Betta.=.BeNea.8Cifa 
[κθ8' δ. (#104-01)] 


Ἀ104101. : Be Nea.=.8sma.8Ctia [*100°31 . #1041] 
*104:102. Ε΄. N'c‘a = Ne (¢a)‘a= Ne {(ta),|*a  [%102°6 . (#104°01)] 


#10411. b:BeNe'a.=.BeNea. Sct ta.=.BeNc'a.BCra 
[x63°5 . (#104°011)] 


#104111. ΕἸ: Be N%e'a. =. 8sma. 8 Ct*a [*100°31 . *104°11] 
#104112. |. N°c‘a = Ne (βόα) = Ne {(#%a),}a  [*102°6 . (¥104-011)] 
*10412. 1: βεΝιρία. γε ΝΙοβ. dD. ye Neko 


Dem. 
F.*1041. 3+: Hp.d.SeNea. Bett a.yveNokB.vett 2. 
[*100°32] D.vyeNe‘a. Bet ta.vyettB. 
[5 6816] >. ye Nea. B=tta.vettB. 
[¥13-12] >.yeNe‘a.ve ttt a. 


[#10411] > .yeN*efa: DE. Prop 
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#104121, ΕἸ Be Nicta. ve N%fa. Dd. ye Νιοβ 


Dem. 

Γ᾿ #104102112. D+: Hp. >. fe Ne {(t*a),.}a.ye Ne {(#*a),} ‘a. 
[%102°41] D>. ye Ne {(ta)ua} 68 (1) 
F.*1041. D+:Hp.>. Betta. 
[568:16] 9. βία. 
[(*65°11)] 2. Ne {(#a)ea} = Ne (({4β8}8]} (2) 
Εν (1). (2). #104102. DF. Prop 

*104122. Ε: Be N'cfa. 3. N08 = Νῆςία [*104°12°121] 

*104°123. Ε:Ν, τ β = Νιςία, 3. Nic’ @ = Νῆοία = fk104'122 . *103°26] 

*10413. biweN'C.=. (qa). w= Νισία [%100'22 . *71°41 . (*104°02)] 


*10414. Frdeu%. =. (ay). yew. dsmy.detu.=.(qy)- yeu. dsm y.d Cty 
[*37°1 . #6322 . (#104°03)] 

#104141. FiweNC.qip.d.p%eNC [*10052] 

When the hypothesis “q!” is omitted, this proposition is still true, but 
with a difference. H.g. let us put 

p= Ne (α) (α. 
Then μετ μ πα Δ, Thus wp” +Ne(éa)ta But we still have 
pw = Ne (6a) Pfa. 

Thus gz e NC, but μῷ is not the same cardinal as μ in a higher type, 1.6. there 
are classes whose cardinal in one type is μ, but whose cardinal in the next higher 
type is not pu"). 
#104142. bs: we NC.gq!p.d.p%eNC  [*100°52] 
#10415. F:weN°C.=.(qa).w=N%e'a [10022 .*71°41 . (4104-021)] 
*104-2. +. iSfae Nic%q 

Dem. 


+.*63'621.Db:r2ea.D,-l vet a: 
[43761] Dh.uaCeta (1) 
b.(1).#1006 . «1041. +. Prop 


Ἀ104201, F: Be N,cka.D. 1 Be Nicka. Nicla= Nie‘8 


Dem. 
Εν «10031321. >+:Hp.>.Ne‘a= Ne‘B (1) 
Εν ΚΙ0811. Dt:Hp.d. eta. 
[*63°16] D.ta=tB. 
[*30°37] > . ttfa=ttB (2) 
Ε.(1). (2). (#10401). DE. Niefa = Nick (3) 


+. (3). #1042. 55. Prop 
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410427. Fi.weNC.O:w=Nicfa. =e = Νιρία 

*10435. F.N°CCN'C.N?CCN,C 

#10443, ΚΕ: ἐατεβ. 9. (ay, δ). γε Nica. de Ne8B.yndaA 


#10401. Nicfa= Ne“antta Df 
This defines the cardinal number of ain the next type above that of N,c‘a; 


thus N'c‘a consists of all classes similar to a and of the next type above that 
of a. 


#104011. N’cSa=Ne‘an βία Df 


Similar definitions are to be assumed for N*c‘a, ete. 


#10402. N'C=D‘N'c Df 
ΝΟ, like N,C, is typically ambiguous; but N’C (a) is typically definite. 
#104021, ΝῸ = D‘N’c Df 


Similar definitions are to be assumed for N®°C, ete. 
#10403. wv =smun the Df 


Here, if μ is a cardinal, »” is the same cardinal in the next higher type. 
For example, if « is couples of individuals, ~” is couples of classes of 
individuals. 


#104031. w@ =sm“pan Pu Df 
Similar definitions are to be assumed for w®, etc. 


"1041, +: BeN'e‘a. =. Be Neta. Betta... 8eNeia.BCt a 
[*63°5 . (Ε10401)} 


*104101. F: Be N'cka.=.Bsma. BC ta [*100°31 . #1041] 
*104102. |. N'c‘a = Ne (ta)‘a = Ne {(ta),}fa [ἈΠ0ΖῸ΄. (#104°01)] 


*10411. F:BeN%eia.=.BeNea. Bett *a.=. Re Nema. BC Ha 
[¥63°5 . (#104°011)] 


#104111. fs Be Neca. =. Bsma.BCi*a [*x100°31 .*10411] 
*104112. Ε΄. N%‘a= Ne (ta) ‘a= Ne {(a)a}fa [*102'6 . (K104°011)] 
¥10412. F:BeNeta.ye Nief8. >. ve N%efa 


Dem. 
F.*1l041. 5+: Hp. d.BeNe‘a. Bet ta.yeNeB.qett A. 
[¥100°32} D>.yeNe‘a. Bet ta.yctt β. 
[568:16] D.vyeNefa. tf B=tta.yettB. 
[13°12] D.vyeNefa.vett ta. 


[#10411] D>.yeN*e‘a: Dt. Prop 
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*104121. F: Be Nie‘a. γε Nea. 2, ye Ncf8 


Dem. 

F.#104:102112. 5h: Hp.d. Be Ne {(éa).}a.ye Ne {(Ρ΄αλι},.α- 
[102-41] D. ye Ne (β΄) 8 (1) 
Εν #1041. IF: Hp.d. Betta, 
[63-16] 2.8 =tta, 
[(*65-11)] D «Ne {aa} =Ne {(B)e} (2) 
Εν (1). (2) «104102. 3}. Prop 

Ἀ104122. Ε: Be N'c'a . 2. Νιςβ = Nea [*10412'121] 

*104:123. ΕἾ Nic4@= Νοία. 3. N'e‘B= Nea [104 192. #10826] 

410413, tive NC.s. (qa). μτε ΝΙοία [*100°22 . #7141 . (Κ10409}} 

#10414. bideu%. =. (gy). yeu. dsmy.detu.=.(qy). yew. ὃ βιὰ γε Cty 


[xB7-1 . #63:22 . (x104-03)] 


#104141. FipeNC.qip.>.p%eNC [10052] 


When the hypothesis “ΠῚ μ᾽ is omitted, this proposition is still true, but 
with a difference. Εἰ. let us put 


p= Ne (a)‘t*a, 


Then w= A.p =A. Thus μὴ) + Ne(¢t6a)ta. But we still have 


μ == Ne (a) a, 


Thus μθ) ε NC, but μι is not the same cardinal as 4 in a higher type, we. there 
are clagses whose cardinal in one type is μ, but whose cardinal in the next higher 
type is not 2”. 


#104142, Fi: weNC.g!u.d.n%eNC [10052] 
*10415. fF: weN?C.=.(qa).w=Ncfa [#100°22. #7141 . («104021)) 


#1042. 
Dem. 


Ε, μα ε Nicka 


Ε. 69.691. ΕΣ εα. 3,  φείαι 
[437-61] Dk. aCta (1) 
(1). #1006 . #1041. 3+. Prop 


*104-201. bs Be Ny cia. D.u* Be N'efa. Nie‘a= N'e“B 


Dem. 


Εν *100°31'321. >t: Hp.>.Ne‘a= Nes (1) 
b.l0311. Dt:Hp.d.Retéa. 
[*63°16] >. taste, 

[*30°37] >. tat p (2) 
Εν. (1). (2). (#10401). DF. Nie‘a = Nie'g (3) 


Ε. (8). 1042. 24. Prop 
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κ10421. F.qiNtcta [Κ104:2] 
It follows from this proposition that ascending cardinals are never null. 


The proof has to be made separately for each kind of ascending cardinal, 
ne. NIC, N°C, ete. 


#104211. Fagg Ὸ ΝΙςα Cl [104-2 . 452°3] 


#10423, +.B ((qy).yea.B=itav ify} ε N'ofa 
Dem. 
b,x5116. Dhkiyea.D yean(twevey). 
[*63°16] 2. i'yeta (1) 
F.(1).*1011-23. 9+. 8 {(qy).yea.Baviavuiy}Cta (9) 
F. (2). #10061 . #1041. 5+. Prop 


*104'231. Ε : Νιςία Ξ-: ΝΊοβ. 3. N,cha=N,c'8 


Dem. 
F.*l042.5DF:Hp.2.eBeNicia. 
[#104101] >.Bsma.t“ BC ta. 
[*73°41.463°21'64] 2. 8sma.tB=ta. 
{*103°11.*63'16] >.BeN,cka. 
[*103‘14) >. N,cia=N,c48: 3+. Prop 


¥*104:232. Ε : Nie‘a= N'c°8.=.N,cka=N,c'8.=. Be N,c8a 
[¥104°231-201 . #103°14] 

#10424. Ε:μ-- Noa. d.n=Niet“a= Nei (ay) - yea. B=Uaevuy} 
[*104-2-28 . #10326] 

#10425. F.N'ICCN,C [#1042413] 


This proposition holds for each possible determination of the typical 
ambiguities, z.¢. for every a we have 


NC (ta) C NAC (¢a). 
We do not have ΝΟ (a) = N,C (t*a), 
because N,ct'a e N.C (ta) — N'C (ta). 
*104-251. Ε΄ Awe NC [10425 . 103-23] 


#104252. Ε. NC ε ΟἹ ex? excl [*104°25 . *103°24 . *84°26] 


#10426. ΕἸ yw=Noefa. 9. μὸ = Niot“a= Nea 
Dem. 
F.*10414,*103-11.> 
Ε: Ηρ. 9: δεμῶ -=.(qy). γι αὐ γ εἴα. δ γ. ὃ Γ ἐγ. (1) 
[*73°32.463:16]  D.Ssma.dCtta. 
[*104-101] >.5¢ Nea (2) 
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t.*104101.5 


bs 


deN'efa. D.Ssma.hCtta. 


[*73'3.*63'103] D.asma.aetfa.dsma.sC ta, 
[10°24] D.(qy)-ysma.vetfa.dsmy.d Cihy 


Εν 
Ει 


(8).(_). Db: Ηρ. 9:δὲνΝισία. 9. δεμῶ 
(2). (4). κα104.34.2}. Prop 


Κ104261. Ε: μὸ -- Νιρα, 9 μΟ Νὰ 


Dem. 


F .*10414-101 .3 
ΕἸ Ηρ, Di(qy)-vyew.-dSsmy.6C ty. =s.dsma.5C ta: 
[*10°23] Diyew-Ssmy.dCty.d,,.d5sma.dCia. 


[74-7] 


D3. Ssma.dsmy.dC ta. dC thy, 


[*73°32.%63°13] Dys-ysmaevyetfa. 


[*103-11] 


D,,3-ye N,cfa 


b. (1). *10°23:35 . #104101. 9 

Fri Hp. Irvepn.qiNie'y.d,.yvyeN cia: 
[*104-21] Di yew. d,-yveN,cfa:. DF. Prop 
#104262. b: we NC. wn = Nea. 3. w= Νιοία 


Dem. 
Ε. 


[*37°29.Transp | 


Ε. 


Ε- 
[*104-26.Hp] 
[104-231] 
[xl 3172] 


#104263. F: 
Dem. 


*104'264. 
Dem. 


*104°27. 


Ε 
Ε 
Ε 
#4104265. +. 
Ε: 
#10428. |: 


*#10421.3+:Hp.2 

> 
*103°26. 3: Hp.¥ 
(1).(2).3+:Hp.). (qy)-w=Nickty. 

2 

9 

9 


ΡΞ Νιοία: D+. Prop 


aepe Dae py 


F.x7341 .4871.9+:Hp.d.eaesm py 
f. #6364. DF: Hp.d.e“aet'y 
Ε. 

Fiqip.=.q!e 


(1). (2). (#10408). DF. Prop 


. *104263 . Deiqip-I.qip® 
. «37-29 . Transp . (#10408). DF: qiy® ΒΡ ΝΠ 
.(17γ. (2).3 Εἰ Prop 


(Ay) w= Νιϑγ. N'efa = Ney. 
(a7) -#=Ni cy. Nya = Νιοἴγ. 


45 


(8) 
(4) 


(1) 


(1) 
(2) 


() 


(2) 


(1) 
(2) 


pw = smi“ [*102°85 " (*104°03)] 


peNC.d:n=N,cfa.=. n= Nicfa [10426262] 


weNC—tfA.D.p%e NIC [#10426 . #10334] 


48 CARDINAL ARITHMETIC [PART ΠῚ 


410429. FiveN'C.s.(qu).peN,C.v=p™ 

Dem. 
+, *10426. Dkip=Noefa.vap2.d.v=Nie‘a: 
[Χ1011:28] Dh: (qa). w=N,cfa.v=p.D.(qa).v=Nicfa: 
[¥103'2.410413] Db: peN,C.vapue.Dd.ve NC (1) 
ΒΕ. #10426 .*103°2 . > 
biv=Nefa.p=N cf. D.v=u. we NC (2) 
(2). *10°11-28'35 . D 
τὸν τε Nea: (qu). w= Νιοία : 9. (qu). we NC. v=p® (3) 
. (8). 002. Κ14.904. 9 
ντε Nica. 9. (Πμ)᾽.μεΝ,ι Civ =p (4) 
. (4). 10.11.28, Χ104.18. 9 
ΨΡΕΝΙΟ, 9. (ημ). με ΝΟ, νερὸ (5) 
.(1). (5). DF. Prop 


5104. 8, ΕὈ.μμβας Νῆοία 
Dem. 


TTT τ Τ OT 


.#*104-2.D4. tfae Niofa. tae Nita. 

{*104°12] DE. tae N%c%a 
*10431. F.q! N%c‘a [*104°3] 
*104:311. Ε΄ N°cfa= Ni cft ea = ΝἸοίᾳ [#10432 Κ108:26] 
#10432. Fry=N,cfa.d. μ = Nyoftea= Niet a= Νῆσία = {0} 

Dem. 

Εν #10426. 3: Hp.d. {uo} o = Niofeea (1) 
[*104°311] = N’ea (2) 
F.#103'11 . (#104°031).9 
Fri. Hp.d:den%.=.(qy).ysma.vyeta.dsmy.det?%y. 
[*102°84.%63°16] ~Ssma. deta. 
[*10411] =.deN%ea (3) 
I. (1). (2)-(8)- #10424. 9. Prop 
*10433. Fi.weNC.D:n=N,cha. 


Dem. 


Noi it 


. pw? = N2ca 


Εν #10427. 5 τ Hp. 2: μτ Νιοία .Ξ. μὴ = Nica. 


[*104-24] =.n0=N,c a. 
[*104°27°141 103°13] =. {uM} τὸ Notte, 
[*104°32°24) =." = N’cfa:. DE. Prop 
#10434. biae NC. =. (qv).veNC. oar. =. (qu). weN C.c=p? 
Dem. 
F.*10432.> 


bro N%efa.w=Ne@.d.e=y.neN,C (1) 
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F. (1). #1002. #10°11-28'35 . 9 


b:(qa).o = Nea. 9. (qu). μεΝ C.c=p® (2) 
F. #10432. Dhip=N ca.v=p.3.0=N%ea, 
{*104°15.%103°'2] DK: weN,C. a =. 2D. πεν Ὸ (3) 


Ε.(2).3). DkrweN*C.=. (qu). peNC.o=p. (4) 


[*104:32] =.(qu).weNC.c={uo}, 

[*13°195] =.(quv) peNC.v=p2. a= yp, 
[*10429] =<s(qv).veN'C. a= vp (5) 
F.(4).(5). 2+. Prop 


#10435. F.N°CCN'C.N°CCN,C [¥104311:13'15] 

#10436. Five Ncka.ve Νιοβ. 3.8 e Nica. Niea=N,c'8 
Dem. 

F.x1041-11. Db: Hp. diye Neta. yeta.yeNeiB.vettf. 


[#100°34.%63°16] >. Nofa= Neff . a= th . 
[463'35°15] >. Nefa= Nef. ta=tB. 
[(*104:01.*108-01)] 292. Νιοία-- Νιοίβ (1) 


Ε.(1). #108-12.5+. Prop 
*104:37. F:N%e‘qg=Nice{8.=.Nie‘a=N,c'8 
Dem. 
b.*10421.Db:N%efa= N58. Dd. qt N'cfan Nef. 
[*104°36] >. Nefa=N, cB (1) 
Ε. (1). κ104128.,2 Ε΄. Prop 


. The following propositions are concerned with the proof that, given any 
two cardinals 4 and ν, of the same type, we can find two mutually exclusive 
classes one of which has » terms while the other has ν terms. The proof 
requires that we should raise the types of both » and v one degree above 
that in.which they were originally given, 1.6. that we should turn » and ν 
into w and vy. Thus, for example, suppose the total number of individuals 
in the universe were finite (a supposition which is consistent with our primi- 
tive propositions), and suppose » were this number. Then unless »=0, a 
class of ν individuals will be an existent sub-class of the only class which 
consists of 4 individuals, and therefore we shall have 


aepe Bevidag QlanZp. 


But if we consider classes of μὶ classes and ν classes, we shall always be able 
to find a y and a ὃ such that 


yee. Sev! γὼ δε Δ. 


The existence of such a y and ὃ is important in connection with the 
arithmetical operations, and is therefore proved here. 
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41044. Fi.tea.a+y.atz.y+2i(w).w=MaHiwvueu):d. 
a(a— ia) v ἐν e Nefan Ο] 


Dem. 

+ .*100°61. D+: Hp.>.2,4(a— efx) sm (a — 6a) (1) 
b .#73°43. Dt: Hp.d. efyézsm fe (2) 
F . 51-232. Transp. )+:Hp.d.crey 2 (3) 
t . #51282. Dt: Hp.vea‘(a—t'x). 2. «4 εν (4 
Ε,(8).(ὦ. Dt: Hp.d.yferveu“(a—e%e). 

[451211] D.a(a-ia)niys2z=A (5) 
Ft .x5221-211. Dh .,(α -- α)ο πε ἃ (6) 
Ε. (1). (2). (5). (6). «73°71. %51-221 2D 

F:Hp.d.a,(a— tx) v iy ‘zsm a (7) 


F .#63°101°16 . #5123216. > 

F:Hp. oJ.tae=ty.cea.yeyz.y zeus (a—tx) vey “2. 
[*53°53°2] D. βίῳ Ξε ta. Py =t {laa ee) v yz}. Mae τε hy, 
[18:17] 22. Has ἐκ [σι (ἃ -- Ue) v oy fz}. 

βε68:105] 2.“.“(α -- λυ νι C ta (8) 
+. 6426, 5Ε:ἢρΡ.3. “"(α--)υ ὑψόσ ς 2 (9) 
Ε.(1). (8). (θ). ΚΙΟΦΊΟΙ., 5 Ε΄ Prop 


#10441. Εἰ-- fa=t8:(qa,y,2).cea.cty.atz.yte:). 
(Gy, δ). γε Nea. δὲ Νιοβ. γα δε Δ 


Dem. 
Ε. #10442 .*52°3 2D 
t:Hp.Hp*l044.5. (qa, ψ, 2). αἰ (α - αν μη ε Νιοία κα C2. 
U“BeNeBaCll. 

[*13'22] 2. (qa, y, 2, 4,8) ey =a (a— Ua) vy fz. δτεικβ. 

ye Nicfa n (12, δὲ Νιοίβ αι (1.1. 
[Κ11.65]} > . (ay, δ). γε Νιςία mn ClS2. δὲ Νιοβ n CL (1) 
F.(1).#101:35.9+. Prop 


This proposition proves the desired conclusions provided ἢ τα, and t,‘a 
consists of at least three terms. The following propositions deal with the 
cases in which this hypothesis is not verified. 


#104411. Frifa=t'8B .acO.y=A,.8=1%B. Dd. ye Nea.deNB.ynd=A 


Dem. 
FT 347 . D+: Hp.d.ysma (1) 
*22°43 . (#6501). DE: Hp.d.yC tha (2) 
Εν. (1). (2). #104101. DE: Hp.d.ve Niofa (3) 


F. (3). #1042 . #2423 .+. Prop 


#104412. F:tfa=t'B.a=Ua.y=l'Az,. =U... 
γεΝιρία. de NSB .ynd=A 
Dem. 
Ε. 8.48, ΡΞΗρΡ.39. γβηα (1) 
Ε. *#63°61:103. 3+: Hp.d.aect*a (2) 
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#2243. (65°01). Dt: Hp. fey. Dy. EC He, 


[*63°5] De. Fei, 

[(2).*63°13] De Eetfa (3) 
F.(1).(8).*104101.5:Hp. 3d. ve N'cfa (4) 
ΕΒ. «101-23. DF: Hp.d.yns=A (5) 


Ε. (4). (5). #1042. 5. Prop 


#104413. F:ta=8.asieurycty.yoevAvi(iavly).d=1°8,>, 
ye Nicfa. de Νίοβ. γα δτελ 


Dem. 
Εν 4:36. ΕΙΗρ.9. . μἐαυιν ε2. (1) 
[Ε101.36] D.A+tiaevuity. 
[κ54:26] σι. μΑυ μων ἐν)εῶ. 
[*101°3} DA i(ila vu ye Ν οί ν ify) (2) 
F.*5116. D+: Hp. d.aey. 

[*63°5)] 9. Cifa (3) 
Ε.(2). (8). #1041. ΈΣ:Ηρ.3.γε Neha (4) 
Εν #52'21°3. Dk. Aver B (5) 
Ε.(1). #52°3 . #5425. Db: Hp.d. eeu tyre 8 (6) 
Ε. (5). (6). Dt: Hp.d.syndHA (7) 


t .(4).(7).*1042.55. Prop 
*10442, | :tfa=tB.aeQuUly2.3.(qy,d).yeNefa.deNichSB.ynb=A 
[k104°411-412-413 2452-1 κ54.101] 
*10443. F:ta=t'8.3.(qy,8).veNca. de NB. yndb=A 
Dem. 


Ε. 5456.9 
HK: Hp.ave0v1vy2.5.(qa,y,2)-.2,y, Zea DEY LEZIY HZ. 
[5104.41]} 2. (ay, δ). ε Νιοία. δὲ. Νιοβ. γ οὗξα (1) 


Ἐπ. (1). ἸΌ4Φ 42. 5. Ε΄. Prop 


The above proposition gives the desired result. The following propositions 
re-state this result m other forms. 


#10444. FruveN'C.tw=tv.d.(qy,d)-yep-dev.yndaA 


[¥10419:43] 

#10445. bipveN,C .tfu=ty.3.(qy,d).yeut bev! yn d=A 
[#104-29-44] 

#10446. FinveNC—t'A. twat. 2. (qy,d) yep” Ser .gynd=A 
[#1042844] 
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*105. DESCENDING CARDINALS 


Summary of *105. 


In this number, we consider cardinals generated by a relation of similarity 
which goes from a higher to a lower type, 2.6. given any class of classes «, we 
consider Ne‘x in the type of members of καὶ (which we shall call N,c‘«) or in 
some lower type. Thus eg. we shall have 

c= t“a.D.ae N,c*x, 
where “N,c‘x” means “classes similar to « but of the next lower type.” 


Similarly 
K=tia. Dae Nice, 


and so on. We shall have generally 

BeNicka.=ae Nef, 

BeN,cfa.=ae Nc‘, 
and soon. The chief difference between ascending and descending cardinals 
is that A is one of the latter, but not one of the former. Otherwise the 
propositions of the present number are mostly analogous to corresponding 
propositions of *104. 

On the analogy of the definitions in #104, we put 
N,C=D‘N,ec Df, 

μῳ Ξϑη μη ἐμ Df, 

with similar definitions for N.C and wa. 


No proposition of the present number is ever referred to in the sequel, and 
the reader who is not interested in the subject may therefore omit it without 
detriment to what follows. The principal propositions proved are the following: 


#10525. -.N,C=N,C— tA 
*105-251. F.N,C=]N,C—1tA 
#10526. ΕΝ τα τ Δ 
Thus N,C or N,C, in any given type, only differs from N,C in that type 
by the addition of A. 


*105°3.  biv=Nicfa. Dd. wy = Ny cha 

*105°322. F:.q I Nicfa. 9: Nicfa=N,c'8. =. Νιοία = N08 

*105°34. ΕΣ με ΝΟ, ql μῳ Dt ua = Nicfa.=.p=Nicfa 

*105°35. FiweNC.veN, 0.3: =v. S. uy =v 
Ε 


*105'38. εἰμ = 


SECTION A] 


*105-01. 


DESCENDING CARDINALS Bl 


N,c‘a = Ne‘an tt,5a Df 


We might write 


Nicta=Nefant‘a Def, 


which would be equivalent to the above. But we choose the above form for 
the sake of uniformity. If s is any suffix, we put, provided ¢,‘a has been de fined 


N,c'a=Nef‘antt,fa Df, 


and if ὁ is any index for which ¢*‘a has been defined, we put 


Nie‘a= Nefan ita Df. 


Thus for the sake of uniformity it is better, τὰ the above definition *105-01 
to write “t¢*t,a” rather than “t,‘a.” 


*105-011. 


*105°02. 


*105°021. 


*105-03. 


*105031. 


*105-1. 


*106°101. 


*105°11. 


*105°111. 


*105°12. 


*106°121.. 


*105-13. 


*105°131. 


*105:14. 
Dem. 


*105°141. 
*105:142. 
*105°148. 


*105°15. 


*105:151. 


N,cfa = Ne‘an tt,'a Df 


N,C=D‘N,c Df 
N,C = D‘N,c Df 
μῳ = sm “ann ἐμ Df 
μῳ =sm' pen the Df 


ΕΟ Nicfa=Ne‘ant “a [*63'383.(*105°01)] 

b.Nicfa=Nefant ‘a [*63-41 .(#105:011)] 

bk: BeN,ca.=.feNea.fet,a.=.8sma. Set ‘a.=.8sma.8Ct ‘a 
[1051. *100°31 . κ68.51] 

ks BeN,c'a.=.8eNe‘q. Set,“a.=.8sma.fet,a.=.8sma.8 Ct,‘a 
[105-101 . *100°31 . *63°52] 
t:BeN,c'a.=.BeNea.aCig.=.B8sma.aCtB8.=.aeNB 
[xLOS 11 . *63°51 . #1041] 

+: BeN cia. =.fBeNefa.aCmS8.=.Asma.aC#8.=.aeNx'8 
[Κ105.111. *63°52.%104°11] 

Εις Nicfa = Ne (t,{a)'a= Ne {(f,fa)a}{a [%102°6 . (*105°01)] 

L. Nycfa = Ne (t,fa)‘a = Ne {(t,'a),}‘a [#102°6 . (¥105°011)] 
Fracet{8.>.Nch8=Ne(al 8 =Ne (ag)‘8 


F.*63'22.3D+:Hp.d.fa=i,'f. 
[Κ105:1] 2.ΝιοβεΝοβ αία 
Ε. (1). ΚΙ]026.2}ΕῸ Prop 
braet'@.>.No'8=Ne(a)§8=Ne(ag)‘8 [Proof as in *105°14] 
bt: BCta. Dd. Nei B=Ne(ayB=Ne(ag‘8 [*105'14. 63°51] 
b:8Cea.Dd.N cB =Ne(a)sP=Ne(ap)S = [#105-141 . #6352] 
Ε: 
Ε: 


(1) 


weN,C.=.(qa).~=Nycfa [#100°22. KTL41 . (¥105°02)] 


peN,C.=. (qa). w= Nicfa , 
4—2 
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¥10516. F: 
*105°161. Ε: 
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. (Πγ). γεμ. Osmy ὃ εἰμ. 
.(Ἡγ)}).γεμ. δβλγ εδείςγ. 
-(qy)-ye we. Osmy-yCtS [811 κθ09.61΄64] 
-(qy)-vyep- Esmy.det*u. 
-(ay).yem.dsmy.det,y. 
(ay)«ye pe Ssmy.y Ce [4387-1 . κθ68.62 65] 


ὃ € bboy » 


{Π 1 1} 


δεέμᾳῳ » 


Hl MM all 


In what follows, propositions concerning N,c or N,C have proofs exactly 
analogous to those of the corresponding propositions concerning N,c or N,C. 


¥1052, F.N,cka=N,ct'*ar 


Dem. . 
Ἔ.3.10512.. 1042. 9. αεἐΝιοία. 
[*103°26] DE.N,cfa=N,cht“a 
#105201. | . N,cfa = N,ct "eq 
*105'21. -.N,CCN,C [*105-2°15] 
*105°211. f. N,CCN,C 
4105-22. bi yeNjcS.D.NicS=Nyety [103-26] 
#105221. b:ryeN cfd. 3. Νιο ὃ = Nicky 
#105-23. Fig iN eS. 9. Νιοδε ΝΟ  [*105-22] 
#105231, ΕἸ ΤΝ, δ, D>. Nice N,C 
#10524. +.N,C~tSACN,C [*105°23] 
#105241. ΕΟ N.C —1‘ACN,C 
*105-25. F.N,C=N,C—t'A [¥105°21-24 . *#1038°23} 
*105-251. tk. N,;C=N,C -—tSA 
¥*105°252. +. N,cf8 = N,cht*B8 
Dem. 
F.xl05111 -DbiaeN cit B.=.asmi“B.aet is. 
[*73°41 .463°6454] =.asm8.aet{P 
[*105-11] =.aeN,c68: OF. Prop 
#10526. + .Nicita=A 
Dem. 
F. #105142. 3+. Ν᾽ γα = Ne (a) t*a (1) 
Γ. (1) .*102°'73.5+ . Prop 
#105261. Εἰ Nici “ta aA [10526252] 
*105-27. +. AeN,C [*105°26] 
#105271. ΒΕ. ΔΈΝ 
#10528. F.NiC=N,Cvu μλΛ [*105-25-27] 
*105'281. F.N,C=N,C=N,C ὦ μὰ 
*105°29. + 


-NCCN,C.NCCN,G [*105°281 . *103°34] 
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*1053. fru sNicka.>. ua =Nic@ 


Dem. 

Εν *103-4. (#10503). DF rp = Nica. D+ wy = Nean tu (1) 
Εν. ΚΙ0812, ΕΣ p=Ncfa.d.aep. 
[*63°105] a. aeh uy. 
[*63°54] D> .t,6a=t,u (2) 
F.(1).(2). Dkr p= N cla. Ds μῳ = Nefan tifa. 
[10:1] D+ fay = Nicfa: D+. Prop 

#105°301. fF: = Nicfa. D. we = Nicka 


Ε 
Ἀ1ΟῸδ51. FiweN,C.3. uae NC [#105°3°15 . *#103°2] 
*105°311. kz: weN,C.3. pq ¢ NC 
*105'312. bs ye Nica. 2. αἥε Νοίγ, ΝΟ τ Νιοα = [#10512 . 10326] 
Ε 
Ε 
Ε 
Ε 


*105°313. tive Nicka.D.ae ΝΟ. Ney = Νιοία 


#105314. ΓΕ: Nicla=Nicty. 3. Νιοία = Nefy [*105°312 . *103°12] 
#105315. | : Nucla =N,ciy. 9. N,cfa= Ν 
#105316. bi: qINicfa. Nicka=Nick8.9. Ni cla=NicfB 

Dem. 
+. #105312. Db sve Nica. Nicfa=N 8.3. Νιογ τε Nica. Niofy=N,c8. 
[¥13°171] >. Nicfa = NickB (1) 


Εν (1). *10-11:23-35.3. Prop 
*105°317, b: qt Nicka. Nicla=N,c'8.9.N cla=N,c'8 
#10532. §:N,cla=N,c'8.9.Nicia=Nic8 


Dem. 
+ .*103'41.5+: Hp. 3. Ne (4{a)a= Ne (t,'a)‘8 (1) 
F.*10314. 3+: Hp.d.feta. 
[*63:16'36] > .tfa=4'8 (2) 
Ε. (1). (2). Db: Hp.3. Ne (t‘aa=Ne(4‘B)8- 
[*105°13] >. Nicfa= N,ef8: D+. Prop 


#105321. ΕἸ N,cla=N,cf8. 2. Nica = Νιοῖβ 

#105322. bs. qt Nica. Dd: Niew=N cB. =. Νιοία τε Νιοβ [*105316'32] 
#105°323. b:. qt Nucla. Ds Nickta=N c'8. =. N ca=N,cf8 

*105:324. Fiqipa-D-qim [#3729 . (*105°03)] 

*105°325. Ε: ΤΊ μω. Ieqip 
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#105326. 


Dem. 


*105'327. 


*105°33. 
Dem, 


#105331. 


#*105'34. 


#105°341. 
#105°342. 


Dem. 


*105°343. 
*105'344, 


Dem. 


*105°345. 


*105°35. 
Dem. 
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FrweNC. po =Nyocfy. 3. με Niety 


F. 103-26. D+: Hp.aew.d.p=N,cia. (1) 
[%105°3} >. ba) = N,c‘a . 
[Ηρ] .ΝιοαξΞ Νιογ. 
[*105°314] >.N,cfa=Nic’y. 
[(1)] D- w= Nrefy (2) 
Εν (2). #10°11:23:35.5+:Hp.q!ipv.2.p=Nieofy (3) 
Ε, (39). #105324. #10313. 9. Prop 
Five NC. py =Nicfy.d. p= N%evy 
F:weNC.qipn-pa=Nica.d.p=N,cka 
F.#103'26. 5b i ye pa» py = Nicfa. 2. Nicka= Nicky. 
[*105°314] >. N,cfa= Nicky (1) 
Ε.(1). #105326 .> 

b sy € fou)» a) = Nica. pe NC. D. p= Nica (2) 


Εν (2). #10°11°23°35 . D+. Prop 

FiweNC.q!ipo-o = Nicka.d.p=N,ca 

Fi peNC. gl μῳῃ Diya =Nicka.=.n=Nicfa [*105°33'3] 
bieweNC.q! pe. 2 py =N ca. =.n=N,cfa 

be weNC.d. pa eN,C 


Εν. 0884. Dt: Hp.qtu.d.peNC. 


[¥105°31] 2» uy E NYC (1) 
t .*105'324. DF: Hp.wgip.d.~g! wa. 

[*105°27] με NAC (2) 
F.(1).(2). OF. Prop 

FipweNC.2.pmeNC 

Ε: R= Niet a ha = N,e“y 
Fixl0424.5Db:Hp.d.p=N,cUy. 

[*105°3] >. fa = N, chy. 

[105-2] > « ta) = Niefy: Db. Prop 

Ε: μ = Νῆργ a a= N,cfy 

bieweNC.veN,C.d:p=0".2. pq =v 

t .*105°326 . *104-26 . 9 

F:weNC VEN Cly. wy πεν. 9. w= Nicely. νῦ) = Nicky, 
[18.172] ιμτνῶ () 
Εν #10426 . Fact . > 


kipweNC.v=Nycly. p= ναὶ 2 με: Niefy v= Nicky. 
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[¥105344] >. pay = Νιοῖγ v= Nyety. 
[#13172] >. Ma) =v (2) 
E.(1).(2). Ρ we NC. v=Niefy- μενῶ, Ξιμῃτπν (8) 
Ε, (8). ΚΙ08:2. 2. Prop 

#105351. b:.ueNC.ve N.C. dD: p=9. 5. pg =v 

*105°352, Fi. pveNC.qiv.dipav.=.pm=v [#10535. *103°34) 

*105°353, F:.u,veNC.qiv.dipav!. 2. pg =v 

#105354, FrveNC.qiv.d. {vy} ῳ =p [#105352] 

#105355. FiveNC.qiv.d. {vy} @ =p 

*105°356. Fr we NC. q! pg. Defeat Vp [*105°352] 

*105°357. FirweNC.q! py. >. {ug}? =p 

*105'36. |:BeNicka.yveNiciB. Dd. ye Nica 

Dem. 

F.xl0511.5+:Hp.>.8sma.feta.ysmP.yet‘s. 
(*73°32.%63°38] D-ysma.yeh a. 
[*105°111] γε Neca: D+. Prop 

#1056361. Ε: Be Nicka.yve Nicka. dD. ye NickB 

Dem. 

Fexl0511111.>+:Hp.3.8sma.fet,a.ysma.yet a. 
[78.91.92] D.ysm B. Bet fa.vet a (1) 
b.k6354. Dh: Beha, df B=tia (2) 
F.(1).(2). Dt: Hp.od.ysmP. vei. 
[¥105°11] D.yeNici8: D+. Prop 

*105°'362. |: BeN,cia.d.N,ci8 = No ca [*105°36'361] 


410537, b:Nyc(B=Niota.d.Nyo'B=Nyofa [4105362 . #10312] 
#105371. |: Ή ! fe « Ὁ. Wy ! Bw 


Dem. 
Εν *63°381 . (6906). > 


biysma.aepavyet pe. D.ysmad.depey=hip. 


[*73°41.%63°64] 2. sm a. We aby ly = hp 
[*63°57] D.iysma. ae wo Uy = tp 
[*63°103] D.cysma.ae wal “vet,p. 

[*105°16] > by € fey) "- 

[*10°24] >. ql pea (1) 
Εν. (1). *1011-23.> 

Fs(qa).ysma.aep.yet ip. rd. ! pay (2) 
b.(2). #105161. ΞΕ: γεμω. 2+ qlew (3) 


F.(3).#1011:23. 35. Prop 
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#105372. Ε - fay) = A - 5 - μιὰ = A [¥105°371 a Transp] 
#10538. &. fea}a =he 


Dem. 
b. #10516. Ob ive {umn «Ξ. (Gh) Beua-ysm 8. yet ‘8 - 
[*105°16] =.(qa,8).aeu.Ssma.Peta.ysmP.vyet{B. (1) 
[¥73°32.463'38] D.(qa).aeu.ysma.yet ‘a (2) 


b. #7341 . #63°64'53'57 .D 
Fiaeweysma.yet{a.d.aen.lysma.ysml“y.yet ery «ty eta. 
(()] > ye {eu }oy (3) 
Εν (8). (3). 3Ε τη εἰμ ω «ΞΞ . (16). αἄἥεμ. 81 ἃ. εἶα. 


ih 1 


[5105101] ~ YE fy 29+. Prop 
#1054. bsyeNicfa. 5. ἐγ ε Nicka 

Dem. 
b.xlO5 111 . 73°41. *63'64. 5+: Hp. 2. eysma. yet fa.yettity. 
[*63°41°383'16°55] >. eysma.tfa=t ity. 
[*63°54] >. eysm a. ly € bya. 
[#105711] 9. {γε Νι,οία DF. Prop 


#10541. FiqitNicfa.d.qiNicfa [1064] 
#10542. |: Nicta=A.O.Nocfa=A_ [*105°41] 
#10543, b: wa = Nica. Dd. pe = Nicka 


Dem. 
b.x*lOS 11. DE :Hp.Bepy.2.BeNcant a. 
[*63°54.%100°31°321] D.NceB=Ne'a.t{B=t a. 
(*105°1°101] >. N,c'8 = N,cka (1) 
Εν 1053. ¥103-26. >t: Hp. Bepy -D- NickB = {wala 
[4105-38] = He (2) 
bE .(1).(2). Db: Hp. gq! pa: D+ wy = Nocfa (3) 
Εν #105°372°42. Dt: Hp. py =A.-d py H=A.N cfa=A (4) 
+ .(3).(4).56. Prop 
*105-44. |. Nicta=A 

Dem. 


b.*105°26.DF.Nicttfa=HA. 
[*105-42] DE. Nicttta=A. D+. Prop 


*106. CARDINALS OF RELATIONAL TYPES 


Summary of *106. 


In this number we have to consider the cardinals whose members are 
classes of relations which have a given relation of type to some given class. 
For example, we have | 2“asma, and | #‘a has a given relation of type to 
a when # is given. Thus we want a notation for 


Νοία ἃ ἐπ | aa 
and all the associated ideas. In this number, we shall deal only with relations 
in which the referent and relatum have a relation, as to type, which can be 
expressed by the notations of *63, 1.6. roughly speaking, when, for suitable 
values of a, m, ἢ, our relations are contained in 


ema T ta or tm‘a 7 ἐμία or ta 7 ἐμία or ἔρια Tia. 
Thus if ἐμνία has been defined, we shall put 
Νινοία = Ne“an tt, “a Df, 
ΝΟ = D'N,,c Df, 
Ew =sm“*En tty ἐξ Dé, 
with analogous definitions for ¢#”‘a, ¢#,‘a and #t,‘a. 

Much the most important case is that of ty‘a. For this case we have 
#1061. b:BeNucia.=.BeNefa. Petty {a.=.Bsma. Bett (tifa 7 ta). 
~Bsma.BCt (ata) 

Thus N, cfa will be the number of a class of relations whose fields are of 


the same type as a, provided this class of relations is similar to a. Hg. the 
number of terms such as « | z, where wea, will be Noc*a. 


We have 
#10621. b.q!Nucta. NxckaeN,C 
#10622. F:reNJcfa. =. Cnv'r€!N, cha 
¥106'23. b:8eNicka. >. N cca =N,ck8 
#10632. b:t,fa=2,68.3.(qy, δ). yeNackia.deNyciBiynd=A 
410θ.4.41.411. bs w—=N ofa. 9. poy = Νωοία. et = NUefa. wan = Νρμοία 


#10653. |+.Ne(a)tyia=A 
whence it follows that 


#106:54.  b. Nictyfa~ne NaC 
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The propositions of this number, except *106°21, are never referred to 
again (except in *154°25-251-262, which are themselves never used again), but 
they havea somewhat greater importance than the propositions of #105, owing 
to the fact that the arithmetical operations are defined by means of classes of 
relations, 1.6. the sum of two cardinals (for instance) is defined as the cardinal 
number of a certain class of relations (cf. #110). 


#10601. Nycfa=Nefant%,“a Df 

*106011. NYcfa=Nefant ta Df 

#106012. Νιιοία -- Nefantt,,‘a Df ete. 

#10602. Nicfa=Nefantt'“a Df ete. 

#106:021. 'N,cfa = Nefa nt“t,fa Df ete. 

#10603. N,C=D Nac Df etc. 

*106:04. oy Ξε ϑι ἐμ tty ta Dt 

#106041. μα) =sm“pated su Df ete. 

#1061. +:BeN,cla.=.BeNeia. Betty a. 
=.Bsma.Bett (tifa Tia). 

=.8sma.P Ct (af a) 

[*100°1 . (#106-01 . #6401). #6411] 

#106101. ΕἸ Be N"cla.=. Be Nea. Beta. 
=,P8sma.Pett(t'a 7 tia). 
=,Bsma.8Ct(taf a) 


Similar propositions hold for any other double index mn for which ¢”"‘a 
has been defined. 


K106-11. b:@eNy,cla.=.8eNea. Betty ‘a. 
-Bsma.Bet€(t,‘a TF ta). 
~Bsma.PCt(E “af ἢ α) 
Similar propositions hold for any other double suffix mn for which tyn‘a 
has been defined. 


#10612. +:SeN,cka. 


ΜΠ 11] 


~BeNefa. Betta. 
~Bsma. Pett (taf ta). 
.Bsma. 8 Ct (ta TF ta) 
»BeNefa. Bett, “a. 
~Bsma. Pet t(tat ta)» 
=.8sma.8Ct(ta Tt*a) 
Similar propositions hold for any other index and suffix for which ¢,,”“a or 
πα has been defined. 
#10613, FrweNgC.=.(qa).=Nucfa [#10022 .*71°41] 
Similar propositions hold for N'Ca ete. 


In oUt ut 


*106121. Ε: @eIN,cfa. 


ill 


hoi 
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¥*106'14. 


#106141. ΕἸ βεμᾷ. 


Εἰ B € poo . 
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-(qa).aen. Asma. Pett (tuft tn), 
-(qa).aep.Bsma. Bet ta. 
(qa).aeu.8sma.PCt(ata) [6433-11] 
-(qa).aeu.Bsma. Pett (tp Tf tu). 
.(qa).aceu.8sma.Pett)a. 
.(qa).aep.Ssma.8C taf ta) 


Wott! al 


Wow TH 


_ Similar propositions hold for 'μο, 4”; pin ete. 


Frmeta.d. | eaeNacia.| aaeN cf | aa 


*106°2. 
Dem. 


Γι κὔ5᾽.15. Db: Rel afa.>.DRCa. R= te: 
[463105] Dhi.weta.d: Re} oa. Ip. DRC hia. TR Chia. 


[435-83] Dp REtiaf hia. 
[κ64.16:13] Dp Ret (afta): 
[1221] 5: {ας tata) (1) 


F.(1). #73611 . #1061 .*103'12.55. Prop 


*106:201. Ε: Betfa. Dd. | Bae N, lca 
*106:202. Fk: Bef a.d. 1] B“aeN, ce 
*106'203. +. | af‘ae Nic%a [*106°201] 
4106-204. F. | (ea) ae Νιοία [*106-202] 
#10621. |. i Nacta. Nuctae NyC [*106°2 . *63°18] 
#106:211. ΕἸ A~e NC. NaC CN,C. NaC ¢ Clsex?excl [#106:21 . *103'24] 
#106212. Εἰ An~e NIC. NJCCN,C.NjJC ¢ Clsex?excl [*106°208] 
*106'213. ΕἸ Awe NPC. NGC CN,C.N2Ce Cls ex?excl [*106'204] 
#10622. F:reN, ca. =. CnvrcIN,cfa 

’ Dem. 

F.ia734. DE:rAsma.=.Cnv“rAsma (1) 


Εν #6416. Db NCE Kat ta). 


sRerx.Dp-REtfat ta: 


Nl 


[43584] =;Rer~Dp- RE tat tia: 
[*37°63] =:SeCnv‘r. Dg. SC ta Τα: 
[6416] =:Cnv“AvAC t(ta 7 fa) (2) 


F.(1).(2).*106:12.354. Prop 


The proof requires, in addition to #10612, its analogue for +N,e‘a. Such 


analogues will be assumed as required. 
#106221. ΕἸ re N2cka. =. Cnv“rA€?N, ca 
#*106°222. F. Awe'NC INC CN,C.'N,CeClsextexcl [*106:22'212] 
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4106223. |. A~e®N,C .2N,C CN,C.2N,C ε Cls ex? excl 


Other propositions of the same kind as the above may be proved by 
observing that, if m and n are indices for which ἔρμα and ἔα have been 
defined, we have 

y Cia. BeN™ca. 2. By eN™ cha, 
of which the proof is direct and simple. Hence, since we always have 
a! N*c‘a, we also always have 
qi N™"cfa, 
whence N™CCN,C.N™*C ¢ Cls ex? excl. 
We have in like manner 
ai Nica. Ἡ iN οἵα, 

But we do not always have 

aA! Ninncta. or TIN,™cfa or ΤΉΝ, οἷα. 
*106°23. +:BeNica. 2. N"ca=N,c'8 


Dem. 
. 64°33 .41041.463°5.5F:Hp.3.a=ty68 


Ε 
Εν. (1). ΘΙ06Ὸ1 11). ΚΙ00.321. 5Ε. Prop 
#106231. +: Be N,cia. 9. Νιοα τ ΝΟ [Proof as in *106-23] 
*106:24. F:Nefa=N,c{8.9.N"cka=N,c68 [*106°23] 
#106:241. Ε: Nickla=N,c{8.9. Ni cka=N,c'B 
The analogues of the above propositions for other indices or suffixes are 
similarly proved. 
#10625, F.N@cfa=Nacita [106-23 . 1049] 
#106°251. +. N,cfa = Nicht a 
#10631. Fia,yeta.ta=tB.cty.r. 
{ afaeNacia. |) yBeNackiB. {αι  αβτ-ελ 
[106-2 . *55°233] 
#106311. b:.vet“a.tfa=t{B:a=A.v.8=A:)2. 
L aaeNycia. ba Pe Nyc'8. | efan La B=an 
[#1062 . *55:232 . Transp] 
#106312. bitfa=ue.a=B=ie.D. 


D U(efa T tale Ngclant(A 7 UaeNyciBet (te 7 ἀγα (Δ fifa=A 
em. 

b. #7343. 9 Ε΄ (ἐς foe) sm ἐς. (A 7 ἐκ) sm ie. 

[¥13-12] Dh: Hp.d.e(ete Pefe)sma.e(Ateae)smB (1) 
b.x6416. Db: Hp. dD. tia mete fa. AP Uae tia (2) 
b. (1). (2). #10671 . #51161 . #2454. #55202. D+. Prop 
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*10632. Fih‘a=t8. 2. (qy, δ). εἶ Nyce de Nuc'Bwyand=A 
Dem. 

t.*10631.9h:. Ap: (qa,y).a, yet a.c+yid. 

(ay, ὃ). γε Νωοία. δὲ Nac B.yndaaA (1) 
F.ed24. Dhin(qa,y).a,yetfa.cty-DdstfaclviA. 
[*63'18] D.tfael (2) 
F (2) «60°38 . #63105 45246. DE r~(qa,y)-e,yehiarby.qla.ql@.d. 

a=P=t a.h'ael. 

[¥106-312] >. (ay, 8) eye Nycfa de Nuc B.yndaA (3) 
F.#*106'311.*63°18.D 
bs.Hpin(qia. qi): >.(qy, 8). ye Nycta Se Nach. yndaaA (4) 
F.(1).(3).(4). 96. Prop 


*106°4. Ε H μ ΞΞ Νιοία » 5 . Foo} = Natta 


Dem. 
F.*106-14.5F:: Hp. Ds. Be po. =? (qy) ve N ca. Bsmy. αὶ εἰμί : 
[*64°3] =:(qy).yeN,cla.Bsmy: Bet tyfas 
[*102°84] =:Bsma.Pett,‘a: 
[*106°1] =:BeNqacfa:: 9+. Prop 
#106401. Fs p= Nic. 5. pig = Ν οία 
Dem. 
Εν #10424. 41064. 3b: Hp. Dd. weg = Νωοία 
[*106:25) = Ncfa: D+. Prop 
*106°'402. F:n=Nyicla.qip.d. jo = Nucka 
Dem. 
b.*106'231 . DE: Hp.Bep-D.Nicka=N,cf8 
[*106°4.%103°26] = Lm) (1) 


F.(1).#10°11:23:35. 5b: Hp. ql w.2. wo =Nyrcta: DF. Prop 
"10641. Fip=N,cfa. Dd. pl = NXcfq 
Dem. 
F .*63'54 . (*106°041) . #10327 . 9 
Fi: Hp.D:.Bep™.=:(qy).yeN cla. Ssmy: Beth ‘a: 
[*102°84.%64°32 ] :S8sma.Pet ta: 
[(*106-011)] = Be Ncfat: DF. Prop 
*106-411. bin =Nycfa. >. fay =Nuefa [Proof as in *106°41] 
#10643. ΕἸμινε ΝΟ. ἐμ =ty.>d. (ay, 8) ye pm Se Vm γα ὅπ Δ 


"} {Ἢ 


Dem. 
t.*1032.3+:Hp.D. (qa, 8)-p=Necfa-.v=Nicfh. 
[*106-4] 5. (qa, B)- oy = Note + Yio = Naot’ 
[*106°32] 9. (ay, 8). ye Hin Sev γα ὄπ ΔΈ 9Ε. Prop 


#10644. bipveN,C.tu=tv.2.(qy,d).yeu-dev.ynd=A [%10632] 
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The following propositions are analogous to *102°71 ff., and similar remarks 
apply to them. 
41065. fi: ReClso1.D‘RCa.d‘RCRI(ata). 
W = 29 fe, yea.va (Ray .d.Wre Uh. W Gata 


Dem. 
bee473. 5b: Hp.diwyea.d,,:cWy.=.~2(Ra)y: 
[*5°18] Dayi~{eWy.=.a(Ra) γὶ τ. 
[10:1] ϑιναεα. Ὦ, «οοἰα ἴα. Ξε. α [πὴ αἱ. 
[*21°43.Transp] 2,.W+R er 
[Hp] D:.aeeD‘R.D,.W+Re:. 
(*71°411.Transp] 3:. Wwe Cth (1) 
Ε. #21°33 . (*35°04). D+: Hp.>.WGafa (2) 


F.(1).(2). 35. Prop 
#10651. $:8Ca.3.~{8sm ΒΕ]. fF a)} 
Dem. 
b.xl065. Dk:Hp.Rel 1. D‘R=8.0‘RCRMafa).d. 
(qW).WeRi(ata).Wred'R. 
[*13°14] 5. Ἐ- Ria Ta) (1) 
Εν. (1). #2241. 5Ὲ τ Hp.d:Relrm1.DR=8.3,.0‘R+ Ri (ata): 
[10°51 #731) 2 τοοῦβ sm Ri(af a} τ᾿ DF. Prop 
#10652. -:8Ct,{a.3.B~eNe‘t,fa 
Dem. 
F.#106°51.3+: Hp. 3.~{8sm RI(Z,%a fF tf) . 
[κ6484] D.~ {8 sm tofal . 
[*100-1] >. Bre Netyfa: DF. Prop 
410653. Ε΄. Νο(αγέμα-- A [10652 .%102°6 . #63371] 
#10654. Ε΄. Nycfnfare NC 
Dem. 
- *100°33 . 1081. 9 
: Not’ 8 = Nictofa. 2. Asm ἐμία (1) 
.*103°12 . (#106:01). > 
be Neh 8 = Νιοίίία. D « ἐμία εἰ. 
(*63°16.(K6401)] ὅζ HEE 7 toa) = EEE 7.48}. 


TTT 


[*63-391] 2. t(tofa T tof) = t(E SB 1.6). 
[*64-3.(#64-01)] D. tifa =t6B . 
[*63-105] D. BC a (2) 


F.(1).(2). DE: Νωοβ = Nictyfa. 9. Be Netyfa.8Ctfa (8) 

Γ. (8). Transp . *106:52. D+. (8). Noc§B + Nyc! too!a « 

[¥106°13.Transp] DE.LN ct fane NaC. DF. Prop 
#10655. F.qINC-N,,C [#10654] 


SECTION Β 


ADDITION, MULTIPLICATION AND EXPONENTIATION 
Summary of Section B. 


' In the present section, we have to consider the arithmetical operations as 
applied to cardinals, as well as the relation of greater and less between 
cardinals. Thus the topics to be dealt with in this section are the first that 
can properly be said to belong to Arithmetic. 


The treatment of addition, multiplication and exponentiation to be given 
in what follows is guided by the desire to secure the greatest possible 
generality. In the first place, everything to be said generally about the 
arithmetical operations must apply equally to finite and infinite classes or 
cardinals. In the second place, we desire such definitions as shall allow the 
number of summands in a sum or of factors in a product to be infinite. In the 
third place, we wish to be able to add or multiply two numbers which are not 
necessarily of the same type. In the fourth place, we wish our definitions to 
be such that the sum of the cardinal numbers of two or more classes shall 
depend only upon the cardinal numbers of those classes, and shall be the same 
when the classes overlap as when they are mutually exclusive; with similar 
conditions for the product. The desire to obtain definitions fulfilling all these 
conditions leads to somewhat more complicated definitions than would other- 
wise be required; but in the outcome, the result is simpler than if we started 
with simpler definitions, since we avoid vexatious exceptions. 


The above observations will become clearer through their applications. 
Let us begin with the case of arithmetical addition of two classes. 


_If a and 8 are mutually exclusive classes, the sum of their cardinal 
numbers will be the cardinal number of av. But in order that a and 8 
may be mutually exclusive, they must have no common members, and this is 
only significant when they are of the same type. Hence, given two perfectly 
general classes a and @, we require to find two classes which are mutually 
exclusive and are respectively similar to a and ; if these two classes are 
called a’ and β΄, then Ne“(a’ v β΄) will be the sum of the cardinal numbers of 
aand 8. We note that Anaand Δ α indicate respectively the A’s of the 
same types as a and 8, and accordingly we take as a and β' the two classes 


1 (Aa B)fe%a and (Ana) | “8; 
these two classes are always of the same type, always mutually exclusive, and 
always similar to a and 8 respectively. Hence we define 


a+B= (An B)‘tau(Ana) | eB Df. 
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The snm of the cardinal numbers of a and 8 will then be the cardinal 
number of a+ 8; hence we may call ἃ Ὁ the arithmetical class-sum of two 
classes, in contradistinction to av 8, which is the logical sum. It will be 
noted that a+, unlike «uv 8, does not require that a and @ should be of the 
same type. Also a+a is not identical with a, but when a= A, a+a is also A, 
though in a different type. Thus the law of tautology does not hold of the 
arithmetical class-sum of two classes. 


If μ and ν are two cardinals of assigned types, we denote their arithmetical 
sum by μεν. (As many kinds of arithmetical addition occur in our work, 
and as it is essential to our purpose to distinguish them, we effect the dis- 
tinction by suffixes to the sign of addition. It is, of course, only in dealing 
with principles that these different symbols are needed: we do not wish to 
suggest that they should be adopted in ordinary mathematics.) Now if w+ vp 
is to have the properties which we commonly associate with the sum of two 
cardinals, it must be typically ambiguous, and must be the cardinal number 
of any class which can be divided into two mutually exclusive parts having 
» terms and ν terms respectively. Hence we are led to the following definition: 

w+ ov τ {(qa, 8). p=Neta.v=No%B.£sm(a+f)} De 

In this definition, various points should be noted. In the first place, it 
does not require that ~ and v should be of the same type; w+,v is significant 
whenever » and ν are classes of classes. Thus it is not necessary for signifi- 


cance that yz and ν should be cardinals, though if they are not both cardinals, 
w+,v=A. If they are both cardinals, we find 


μον τε ξί(α, 8). acu. Bev. ξδτα (α -Ὁ β)}}. 

Thus in this case aep.s.Bev.d.a+Bep+tyr. 

Hence if neithe: » nor ν is null, and if « has » terms and 8 has ν terms, 
a+ isa member of w+,v. It easily follows that 

Fry =Ni cia.v=N c'8.3.utev=Ne(a + 8). 

Hence when μ and yare homogeneous cardinals (1.6. when they are cardinals 
other than A), their sum is the number of the arithmetical class-sum of any 
two classes having » terms and ν terms respectively. 

A few words are necessary to explain why, in the definition, we put 
w=N,cfa.v=N,c'8 rather than μ- Νοία. ν-- Νοβ. The reason is this. 
Suppose either pw or v, say μ, is A. Then, by *102°73, w= Νο(ζ) ἐξ, if ¢ is of 
the appropriate type. Hence if we had put 

e+.v=E{(qa,@).w=Nea.v=NeB.Esm(at+)} Df, 
where the ambiguities of type involved in Ne‘a and Ne‘8 may be deterinined 
as we please, we should have 
pv=Nef8.3.¢+ Be pwter, 
1.6. p=Nef8.9.tF+ BeA +p. 
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We should also have ¢%€4+@8eA-+,v and so on. Thus A+,» would not 
have a definite value, 16. it would not merely have typical ambiguity, which 
it ought to have, but it would not have a definite value even when its type 
was assigned. Thus such a definition would be unsuitable. For the above 
reasons, we put 4 =N,c‘a.»=N,c‘8 in the definition, and obtain the typical 
ambiguity which we desire by means of the typical ambiguity of the “sm” 
in “Esm(a+).” It is always essential to right symbolism that the values 
of typically ambiguous symbols should be unique as soon as their type is 
assigned, The scope of these definitions and of the corresponding definitions 
for multiplication and exponentiation (#113°04°05 . *116-03-04) is extended 
by convention II T of the prefatory statement. 


The above definition of 4+,» is designed for the case in which » and ν 
are typically definite. But we must be able to speak of “ Ne*y +, Ne,” and 
this must be a definite cardinal, namely Nc(y+6). If we simply write 
Ne‘y, Ne‘é in place of μ, ν in the definition of ~+,», we find 

Nety +, Ne‘S = ξ {(qa, 8). Ne‘y = Νιοία. Ne‘S = Νιο(β. Esm (a+ B)}. 

But this will not always have a definite value when the type of Νοίη +, Nc‘d 
is assigned. To take a simple case, write t* for y and εἴν for 6. Then 
Net*E+, Νοίῳ = E (qa, PB). Net = Nica. Ne“t'y = N cB. Esm(at Bt, 
whence we easily obtain 
Net*E+, Ne‘t'y= ἔτ ΝΟ ξΞ Νικία. Esm (a+ ey). 
If we determine the ambiguity of Νοίξ to be Ν,οἐζ we find 
NetO+,Ne%ty=A 
in all types; but if we determine the ambiguity to be N,c‘t‘t, we have 
Νοξ-, Νοίε = Nett + εἴ), 

and this exists in the type of ¢*¢ + ἐν, if not in lower types. Hence the value 
of Net'E +, Ne‘t‘y depends upon the determination of the ambiguity of Ne‘t*é. 
It is obvious that we want our definition to yield 

Ne‘y +, Ned = Ne“(y + 8) 
in all types; but in order to insure that this shall hold even when, for some 
values of ζ, Νε (τ = A, we must introduce two new definitions, namely 

Nefat+,u=N,clat,n Df, 

p+, Nefa=pn+,Nicfa Df, 
whence F: Nefa+, Nef8 = N,c'a +, Νι οὶ = Ne“(a + 8). 
This definition is to be applied when “Ne‘y” and “Ne‘é” occur without any 
determination of type. On the other hand, if we have Ne (%)*y and Νοί(η) δ, 
we apply the definition of 4+,v. We shall find that whenever Ne({)‘y and 
Ne(m)‘6 both exist, 

Ne (f)*y +, Ne (7)6 = N,c“y +, Nyc. 
Thus the above definition is only required in order to exclude values of ζ or ἢ 
for which either Ne (f)‘y or Ne (m)6 is A. 
R&W IL 5 
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The commutative and associative laws of arithmetical addition are easily 
deduced from the definition of a+ 8. We shall have 
a+ 8 =Cnv“(8 +4), 
whence ΕἸ Nefa+,Ne'e = ΝΟ αὶ +, Ne‘a, 
because each = Ne“(a+@). A similar though slightly longer proof shows that 
b.(a+P)+ysmat+(8+y), 
whence t. (Neofa +, Nc‘) +. ΝΟ = Νοία το (Ne‘B +, Ne‘y). 

The above definition of a+ enables us to proceed to the sum of any 
finite number of classes, and allows any one class to recur in the summation. 
But it does not enable us to define the sum of an infinite number of classes. 
For this we need a new definition. Since an infinite number of classes cannot 
be given by enumeration, but only by intension, we shall have to take a class 
of classes x, and define the arithmetical sum of the members of «. Thus now 
the classes which are the summands must all be of the same type (since they 
are all members of «), and no one class can occur more than once, since each 
member of « only counts once. (In order to deal with repetition, we must 
advance to multiplication, which will be explained shortly.) Thus in removing 
the limitation to a finite number of summands, we introduce certain other 
limitations. This is the reason which makes it worth while to introduce the 
above definition of a+ in addition to the definition now to be given. 


If «is a class of classes, the sum of the cardinal numbers of the members 
of κ will evidently be obtained by constructing a class of mutually exclusive 
classes whose members have a one-one relation to the members of corresponding 
members of x. Suppose a, 8 are two different members of «, and suppose ὦ 1s 
a member both of a and of 8. Then we wish to count 2 twice over, once as a 
member of a and once as a member of 8. The simplest way to do this is to 
form the ordinal couples # | a and # | 8, which are not identical except when 


a and β are identical. Thus if we take all such ordinal couples, 1.6. if we take 
the class 


R(qz).cea.R=x αἱ, 
for every a which is a member οὗ «, we get 8. class of mutually exclusive 
classes, namely the classes of the form | a‘‘a, where ae «, and each of these is 


similar to the corresponding member of «. Hence the logical sum of this class 
of classes, 1.6. 


R((qa,x).aex.vea.R=2 Lal, 
has the required number of terms. Now, by *85°601, 
Laa=e] a. 
Hence the class whose logical sum we are taking is ¢]‘‘«. Hence we put 
Be=ste]« Df. 
>< may be called the arithmetical sum of «,in contradistinction to s‘«, which 


is the logical sum. Thus =‘« bears to s‘« a relation analogous to that which 
a+ 8 bears to av β. 
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We put further ΣΝοΙκ =Ne's‘e]‘« Df. 
Thus =Ne‘« is the sum of the numbers of members of x. 

It is to be observed that ZNe‘« is not in general a function of Ne“«. For, 
if two members of « have the same cardinal number, this will only count once 
in Ne“«, whereas it counts twice in SNe‘«. 


We shall find that, provided a+ 8, 
ΣΝοίαν 68) = Ne‘a+, Ne*Z. 
Thus where a finite number of summands are concerned, the two definitions 
of addition agree, except that the first allows one class to count several times 
over, while the second does not. 

In dealing with multiplication, our procedure is closely analogous to the 
procedure for addition. We first define the arithmetical class-product of two 
classes a and 8, which is a certain class whose cardinal number is the product 
of the cardinal numbers of a and 8. We write 8 xa for the arithmetical 
class-product of 8 and a, and define it as the class of all ordinal couples of 
which the referent is ἃ member of a and the relatum a member of 8, te. as 


Ri(qa.y).cea.yeB.R=al y). 
By *40°7, this class is sa ἡ “β. Hence we put 
Bxa=sal “8 Df. 
The class a L “8 is similar to 8, and each member of it is similar to a; hence 
if N,c‘a=p and N,cf8 =», sta J “8 consists of ν classes having » members 
each. The class α 4 “8 is important also in connection with exponentiation. 


The product of two cardinals is defined as follows: 

μι χον =F {(qa,8).p=Nela.v=NeB.Esm(ax β}} De 
In regard to types, this definition calls for analogous remarks to those which 
were made on z+,v. Also, as before, we need definitions of ~x,Ne‘a and 
Ne‘a x, 4, whence we obtain 

Nef‘ax, Ne‘B=N,cfax,N,cf8 Df. 

By means of these definitions, we can define the product of any finite number 
of cardinals; but in order to define products which have an infinite number of 
factors, we need a new definition. 

If « is a class of classes, we take e‘« as its arithmetical product. In simple 
cases, it is easy to see the justification of this decision. 1.0. let « consist of 
the three classes a;, a2, ας, and let the members of αἱ be 2,2; those of a, Yrs Yas 
those of a, δι, 25. Then the members of ea‘« are 

ἀιψ αι ψι αἐὦ δι | ας, 
mlauvylauwala, 
mMilavumnlowal ας, 
Lyf αι ῷ ψε{ ἀρ 21 ας, 
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with four more obtained by substituting 2, for 2 in the above. Thus 
Ne‘ea‘« = 8 = Ne‘a, x, Nc‘a, x, Ne‘as. In general, however, the existence of 
estx is doubtful, owing to the doubt as to the validity of the multiplicative 
axiom. (We shall return to this point shortly.) Hence there is no proof that 
the product of an infinite number of factors cannot be zero unless one of the 
factors 18 zero. 


When « is a class of mutually exclusive classes, e,‘« is similar to D‘es‘«. 
On account of its lower type, D‘‘ea‘« is often more convenient than e,‘x. 
Hence we put 

Prod‘ = D'‘ea‘« Df, 
or (what comes to the same thing) 

Prod=D,|eas Df. 

For the product of the cardinal numbers of the members of «, we pnt 

TINe‘x=Nefea‘x Df. 
As in the case of =Ne‘x, IINe‘« is not in general a function of Ne‘‘«. We 
shall have 

Frat@.>.TINc(t'a v i'8) = Νοία x, Ne‘B. 

Thus for products of a finite number of different factors, the two definitions of 
multiplication agree. 


It remains to define exponentiation. Since this is not a commutative 
operation, it essentially involves an order as between the base and the expo- 
nent; hence we do not obtain a definition of the exponentiation of a class x, 
analogous to }Ne‘« or IINc‘x, but only a definition of u”,which may be extended 
to any finite number of exponentiations. We put 

aexp8=Prod‘al “@ Def, 
22 
where αὐ “8. has the meaning explained above, resulting from *38°03. It will 
2 
be observed that, if Νιοία τὸ μα δηα N,c‘8 =v, αἰ “2 is a class of ν mutually 
33 


exclusive classes each of which has μ terms; hence a exp 8 may suitably be 
used to define uw”. Hence we put 


μ' = €& {(qa,@)-w=N,cfa.v=N,c'8.Esm(aexpB)t Df 
and for the same reasons as before, we put 
(Nefay =(N,cfa)” Df and pNe'P = pNoc® Df. 
The above definition of exponentiation gives the same value of y” as results 


from Cantor's definition by means of “Belegungen.” The class of Cantor's 
“Belegungen” is 


| R{Rel+Cls. ΤΕ Πα. R= 8}, 
1,6. (α tT B)s°B, 


and it is easily proved that this is similar to a exp 6. 


The usual formal properties of exponentiation result without much difficulty 
from the above definitions. 
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The above definition of exponentiation is so framed as to make proposi- 
tions on exponentiation independent of the multiplicative axiom, except 
when exponentiation is to be connected with multiplication, i.e. when it is to 
be shown that the product of ν factors, each of which is μ, is μ᾽. This 
proposition cannot be proved generally without the multiplicative axiom. 
Similarly, in the theory of multiplication, the proposition that the sum of 
vy wS is μι X,v requires the multiplicative axiom (as does also the proposition 
that a product is zero when and only when one of its factors is zero). Other- 
wise; the theory of multiplication proceeds without the need for employing 
the multiplicative axiom. 


To take first the connection of addition and multiplication: this connec- 
tion, in the form in which we naturally suppose it to hold, is affirmed in the 


proposition: 
pw veNC.xcevnClsexcl§u.d. seep xv (A) 
or pwveNC.ncevaClp.d.dKepxyy. 
We will take the first of these as being simpler. It affirms that the sum of 
ν pS iS wX,v. This can be proved when » 18 5 
finite, whether yu is finite or not; but when v — 
is infinite, 1b cannot be proved without the 
multiplicative axiom. This may be seen as 5 
follows. We know that Ky - 
| 
Sp 
be the members of X which are correlated with 
Κι, Kg, ++. by S, 1.6, λι = SB", ἃς = δίας. ete. We ςο. 
have, since κ,λεῦ]μ, «,smA,.«,SMA,. ete, 
Thus aS8.3,,2.a8m ββ, 1.6. SEsm. If « and ἃ are finite, we can pick out 
arbitrarily a correlation S, for «and δι, another S, for «,and A,,and so on; then 


bip,veNC.aep.Bev.od. 
al “BevnClsexcl*y.sal “βεμχ,ν (B). 
32 22 
ϑι ὦ δὲ ὦν, correlates s‘« and 8(λ, and therefore s‘«sm s‘A. But ‘when « andar 
are infinite, this method is impracticable. In this case, we proceed as follows: 


Ay 


Ko 


r 
Thus (A) above will result if we can prove ; 


K,NevnClsexcl*§n.>.s%esms‘r, 


since we shall put a | ‘‘8 for ἃ and use (B). rs 
33 


«3 
Since «,X ev, we have e<smaA. Assume 
Selol.D'S=«.Q05S=nx. 


A 
Let αὶ, Κα ον be members of «, and let Ay, As, ... 


ἐ- & 
By *73-01, asm β -Ξ ] - 1)  Ῥα ἃ 8. Df 
Thus “α Ἐπὶ α᾿ will stand for all the permutations of a class into itself; 
“asm 8” stands for all the permutations of a into 8, 1.6. all the 1 1’s whose 
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domain 18 ἃ and whose converse domain is 8. It is obvious that 
ΕἸ τὰ 8τῇ β Δ ὅτ ὃ. 9. ἀπε. β. - δ. 
In the case of the κ and ἃ above, we know that asm @ when aS; thus 


AE Ks 5... Ὁ Τὰ ἐπὶ (S'a) 
or Ber. De. W ! (848) ὅτ B. 
Put Crp (9).β τ (ϑ βγϑια 8 Df, 
where “Crp” stands for “correspondence.” Thus Οὐρ (57. is the class of all 
correspondences of S*8 and 8; Crp(S)*‘A is the class of all such classes 
of correspondences, If we extract one member out of each of these classes of 
correspondences, we get a class of relations whose sum is a correlator of s‘x« 
and δ΄; 1.6. 
-ε κε τ (8) “λ. D . er ε (8. κ) Bim (8A). 
Thus the desired result follows whenever 
mq feaCrp (8S). 

Now we have Sel—1.9G@sm.5.Crp(S8)r Cls ex? excl. 
Consequently 

Multax.3:Selo1.8SGsm.D‘S=«.05S=2X.«,r€Cls’ excl. 

>.sf«esm sn, 
whence, by what was said previously, 
Multax.D:xcevnClsexcl*{u.3.s'keep xX v- ΣΝοίκ =p Xv. 
The consideration of e4‘Crp (S)*A leads similarly to the proposition 

Εν Μαϊθᾶχ. ϑέμινε ΝΟ. κεν αὶ Ομ. 3. εαἰκέεμ'. ΠΝοίκ =p’. 
The proof is closely analogous to that for the connection of addition and 
multiplication. 

It will be seen that, in the above use of the multiplicative axiom, we have 
two classes of classes « and X concerning which we assume 

(qS).Sel—a1.SGsm.D‘S=«.d‘8=,, 
ἦ.6. we assume that « and X are similar classes of similar classes. <A slightly 
modified hypothesis concerning « and » will enable us to obtain many results, 
without the multiplicative axiom, which otherwise might be expected to require 
this axiom. This is effected as follows. 

Put cesmsmd .=.(q7).Telol Od T=sr.c=T7eA, 
where “smsm” is a single symbol representing a relation. 

When this relation holds between « and A, we shall say that « and ἃ have 
“double similarity.” In this case, T correlates s‘* and 8‘, while Ts correlates 
x and A, so that if 8 isa member of 2, 7.8, ἵ.6. TB, is its correlate in «. 
We shall then have 

Ε τα 5. 5. δ. « 9 « δέκ 51ὴ 8'λ, 
Fresmsmr.>. ΣΝοίκ - ΣΝοίλ, 
Εςκ 51 δὴ Δ. 9. ΠΝοίκ Ξ ΠΝο(λ, 
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Also we have 
Ε resmsmarA.d.(qS).Selol.SCsm.DS=«,0G=x. 
Conversely, 
Fn, re Cle excl. Selo31.S€sm.D‘S=«.dS=nx., 
τ ε Dé‘egCrp (S)'A,. TH sao. Dd. Telol 7 Ξε ρίλ. καὶ 1, κὰν, 
whence 
Fs: Multax.D:.«,reClsexcl: (qS).Seloa1l.SGsm.D‘S=«n.dS=nx: 
2.«smsm i. 
Hence the multiplicative axiom is only required in order to pass from 
(qS).Sel31.8Csm.D‘S=«.dS=r 
to «smsm>, It is this fact, and the consequent possibility of diminishing 
the use of the multiplicative axiom, which has led us to the employment of 
“smsm” in the present section. 


We treat also, in this section, the relation of greater and less between 
cardinals. We say that Ne‘a >> Nc‘@ when there is a part of a which is 
similar to 8, but no part of 8 is similar toa. The principal proposition in 
this subject is the Schréder-Bernstein theorem, 1.6. 

ΕΣ potvep ee. . p= 
This is an immediate consequence of *73°88. It cannot be shown, without 
assuming the multiplicative axiom, that of any two cardinals one must be the 
greater, 1.6. 
mveNC.ptv.dip>v.viv>pm 

If we assume the multiplicative axiom, this results from Zermelo’s proof that 
on that assumption, every class can be well-ordered, together with Cantor's 
proof that of any two well-ordered series which are not similar, one must be 
similar to a part of the other. But these propositions cannot be proved till a 
much later stage (*258). 


#110. THE ARITHMETICAL SUM OF TWO CLASSES AND OF 
TWO CARDINALS 


Summary of *110. 
In this number, we start from the definition: 


#11001. a+ 8=|{(AnB)iau(Ana) |] “8 Df 

a+ 8 is called the “arithmetical class-sum” of a and 8. The definition is 
framed so as to give twe mutually exclusive classes respectively similar to a 
and 8, so that the number of terms in the logical sum of these two classes is 
the arithmetical sum of the numbers of terms in ἃ and @ respectively. a+ 8 
is significant whenever ἃ and § are classes, whatever their types may be. 


By means of a+, we define the arithmetical sum of two cardinals as 
follows: 


411002. μον - ξ (μα β). w=Neta.v=NetP-Esm(a+f)} Df 

This defines the “ arithmetical sum of two cardinals.” (It is not necessary 
to significance that μ᾽ and v should be cardinals, but only that they should be 
classes of classes. lf, however, either is not a cardinal, w+,v=A.) It will 
be observed that, when y» and ν are typically definite, so are a and 8 in the 
above definition; but £ is typically ambiguous, on account of the ambiguity 
of “sm.” Hence μον is also typically ambiguous. 


It will be shown that μ΄ ων is always a cardinal, and that, if 
p=N,cla.v=N,c'8, then w+,» = Nea + 8). 

Hence whenever » and ν are cardinals other than A, ~+,» is an existent 
cardinal in some types, though it may be A in others. 

Two more definitions are required in this number, namely: 
#11003. Nefa+,p=N,cfa+,n Df 
#11004. μτ, Νοίατε μος Νιροία Df 

These definitions are needed in order to apply the definition of w+,» to 
the case in which yw and ν are replaced by typically ambiguous symbols 
Ne‘a and Ne‘. It does not make any difference to the value of Ne‘a+,Nc‘@ 
how the ambiguities of Νοία and Nec‘@ are determined, so long as they are 
determined in a way that insures q!Ne‘a.q!Ne‘8; but if there are types 
in which either Ne‘a or Ne‘@ is A, we get Ne‘a+, Ne‘@= Δ in all types if we 
determine the ambiguities so that Ne‘a=A or Ne‘@=A. It is in order to 
exclude such determinations of the ambiguity that the above definitions are 
required. Also in connection with these definitions and the corresponding 
definitions *113°04-05 and *116-03-04 and *117-02-08, the convention II T of 
the prefatory statement must be noted. 
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The propositions of the present number begin with the properties of a+ β. 
We show (*110°11:12) that a+ @ consists of two mutually exclusive parts, 
which are respectively similar to a and 8; we show (*110°14) that if a and @ 
are mutually exclusive, au 8 is similar to a+ 8, and (*110°15) that if y and 
6 are respectively similar to a and @, then y+ is similar to a+ 8. We show 
(*110°16) that Ne‘(a+ 8) consists of all classes which can be divided into two 
mutually exclusive parts which are respectively similar to a and β. 

We then proceed (*110°2—-252) to the consideration of μων. Here 
μ and v are typically definite, and the definition *110‘02 applies to any 
typically definite symbols, such as N,c‘a or Ne(n)‘a. We prove (*110°21) that 
if μ and ν are cardinals, their sum consists of all classes similar to some class 
of the form a+, where aen.8ev; we prove (*110°22) that the sum of 
N,cfa and N,cf@ is Ne“(a+ 8), and («110°25) that if » and ν are cardinals, 
their sum is equal to the sum of the “same” cardinals in any other types in 
which they are not null, 1.6. 

*11025. bip,veNC.q!sm,“u.qismAv.3.44+,y=sm,“n+,smev 

We then (*110°3—351) consider Ne‘a+,Ne‘8, to which we apply the 
definitions *110°03-°04. We have 
#1103. +.Ne‘a+,Ne‘8 = N,cfa +, N,cf8 = Ne“(a+ 8) 
whence the other properties of Ne‘a +, Nc‘8 follow from previous propositions. 

We then have («110°4—-’44) various propositions on the type of ~+,v and 
its existence and kindred matters. The chief of these are 


"1104 Fiqtp+.y.d.pveNC—t‘A.pve NC 
*11042, F.pt.veNC 

This proposition requires no hypothesis, because, if ~ and v are not both 
cardinals, μον =A, and A is a cardinal, by *102°74. 

Our next set of propositions (*110°5—-57) are concerned with the permu- 
tative and associative laws, which are *#110°51 and *110°56 respectively. 

We then (Κ1106--- 648) consider the addition of 0 or 1, proving (*110°61) 
that a cardinal is unchanged by the addition of 0, and (#110°643) that 1 -ς 1 = 2. 


"11001. a+ B=J[(AnB)‘t“au(Ana)] “ie Df 
#11002. wt v=F{(qa,B).u=Nou.v=NeB-fsm(at+f)} Df 
*11003. Nefat,u=N clat pu Dt 
#11004. w+,Nefa=n+, Nica Dt 


These definitions are extended by IIT of the prefatory statement. 
"1101. Fs: Rea+8.=:(q2).vea.R=(t%) | (An®).v. 
(ay)-yeR-R=(Ana) | (Uy) 
[¥38°13-131 . (4110°01)] 
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#110101. ΕΟ (of) | (An 8) (Ana) Loy) 

Dem. 
Ε. κὖδ15. DE. D (eke) Ψ (An β)π θα. D(Ana) (y= t(Ana) (6) 
+. *51161.5+.6e@+(Ana). 
[451-23] 9 Db. uel (Ana) (2) 
Ε. (4). (2). 5b. Dex) | (An B)+D(Ana) 1 (ty). 3+. Prop 
#11011. F.L (An B)“ifan(Ana)] “i*Baan 


Dem. 
F.#110101. Db :vca. R=] (AnB)ta.yeB.S=(Ana)] Uy.d.RF8: 
[*37°67 | DE: Rel (An sya Se(Ana) | “8.32. ΞἘ 5 (1) 


F.(1).*24°37.96. Prop 


#11012. +.) (An 6)“‘“asma.(Ana)] “e“*8sm 8B [¥73-41°61-611] 
#1101112 give the justification for the use of a+ in defining arith- 
metical addition, since they show that a+ consists of two mutually exclusive 
parts which are respectively similar to a and 8. 
*11013. Fsysma.dsm8.ynS=A.9.yuU8sm (a+) 
Dem. 
F.*11012.3t:Hp.d.ysm { (An BP) ea. dsm (Ana) | “eB (1) 
Ε.(1). #11011 .*73°71. 5+. Prop 
#11014 F:anB=A.D.au@sm(a+ 8) [#11013 .*73°3] 
Thus whenever ἃ and § are mutually exclusive, their logical sum may 
replace their arithmetical sum in defining the sum of their cardinal numbers. 


#11015. Fiysma.dsmf.3.y+86sma+ 


Dem. 
Εν #11012. Db: Hp.d. | (An δ) βιὰ αν (Any) | “Ssm B (1) 
ΕΟ LIOLL. DE. (An 8) thy (Δ δ }4 “USHA (2) 


F. (1). (2). #11013. 
F:Hp.d. J (An d)iyu(Angy)] “eSsmat8:Dt. Prop 
#110151. F:r.an@B=A.D:ésm(au8).=.(qy,6).ysma.dsmP.ynd=A.E=yud 
Dem. 

b.¥7371.Db:.Hp.d: 

(qy,8).ysma.dsmfB.ynd=A.F=yvu8.5.£sm(av 8) (1) 
F 12.411. *37°25-22 . #7322 .D 
F:Sel~+~1.DS=£,0‘S=auG.anB=A.D. 

San S“B=A.E=S“auS"B.S*asma.S“Bsm Bs. 
[*11:36] >. (qy,8).ysma.dsm Biya d=A.E=yvd (2) 
F .(2).*10°11-23'35 . κ͵8:1. 
Fs. Hp.d:Esm(avu 8). 3. (gy, δ). ysma.dsmB.ynS=A.F=yvu8 (3) 
Εν. (1). (8). ΕὈῸ Prop 


SECTION Β] ARITHMETICAL SUM OF TWO CLASSES AND TWO CARDINALS 75 


*110-152. F: sm (a+ @).=.(qy,d).ysma.dsmB.ynd=A.E=yVd 
Dem. 
F.*l10151-11.5 
F:€sm(a+ 8). =.(qy,8)-ysm] (An B)‘ta. dsm (Δ ἃ αὐ “9, 
γαδελιξξγνδ. 
[*73°37 .*110°12] =. (qy,8).ysma.dsmB-ynd=A.E=yudi5t, Prop 


Κ11016. +. Ne(a+@)=2 (qy, δ). ysma.dsmfh.yad=A.E=yud} 
[#1 10°152 . 1001] 
*11017. Fiaet'B.3.q! No(ta)(at 8) 


Dem. 
F. #10443. 
t:Hp..(qy,8).ysma.yCta.dsm8.Cta.ynd=A. 
[*22-59] D.(qy,8).ysma.dsmB.ynd=A.yubCia. 


[*¥110-16] >. (q&). EC ta. &e No(a+). 
[¥1]02°6.%63°5] D. ἢ τ Ne (ta)(a+ 8): D5. Prop 

Thus when ἃ and 8 are of the sume type, Nc‘(a + @) exists at least im the 
type next above that of aand @. We cannot prove that it exists in the type 
of aand 8. Eg. suppose the lowest type contained only one member; then 
if x were that one member, Ne‘(t‘x + ex) would not exist in the type to which 
i‘e belongs; but would exist in the next type, ὁ.6. there would not be two 
individuals, but there would be two classes, namely A and t‘z, so that 
“A u Utfae No(t'a + Ua). 
*11018. F.at+ Bett (taf tp) 


Dem. 
b.*64'53 . Deivea. Dd. [ (An A) we t(ta FP) (1) 
Εν (1).#8761. Db. | (Ang) ea Cette 7148} (2) 
Similarly Ei (Ana) | eB Ct(ta 7 8) (3) 
+ .(2).(3). Db.a+ BC i(ifa FU). 
3 [¥63'5] Dh. at Betta t eB). Db. Prop 
#1102. b:Fept v.=.(qa, 8). w=N,cla.v=N,cfa.&sm (a+) 

[(#110-02)] 


#110-201. bs. Fewtov-=ip,ve NC: (qa, 8). aep-Bev.Esm (a+ β) 
[*103°27 . #110°2] 
*110:202. Ε:. ξεμτον.Ξ: 
{Πμ.Ὁ ἔν (ay, δ)ὲμ τ ΝοίγενΞ Νοδι γοδελ ἔξγυ δ 
Dem. 
F.#1102152. 5b: ἕεμ τον. =? 
(qo, 8, 7,8). p=Nea.v=N cA. ysma.dsmB.ynd=A.fayvd: 
[*103-28]=:(qy,8).qiw-qivew=Ney.v=eNeS.ynd=A.Fayud: 
2+. Prop 
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411021. FipjveNC.d:feut yv-=-(qa,8).deu.Bev.&sm(at+ β) 
[*110°201] 
#110211. Fi.pveNC.O:Fepty-=: 


(qy,d).yesm yp. desm“y.ynd=A.Faqyud 
Dem. 


b.#110°21'152. 56: Hp.d:feut y=: 
(qa, B,y,8).aen.8ev.ysma.dsmB.ynid=A.F=yud. 

[x37 1] =. (qy,8).yesm“p.desm*v.ynd=A.F=yud:. OF. Prop 
#110212. Fin pjveNC.D: Fenty. s- (Gy) yesm“p.yC&.E—yesm'y 

Dem. 
Εν #110211 . *24°47 9 
tr. Hp. Dd:feputyv.=.(qy,d).-yesm*p.desmv.yC&.db=F—y. 
[¥13°195] (ay) «vyesm“p.yC&.&—yesmv:. DF. Prop 
#11022, +.N,cfa+, Noc{8 = Ne“(a+ 8) 

Dem. 
Εν #1034 .%*110'211.5 
F:rFeN cfat+,N,cf@.: 


ΠΠ ik 


(Wy, 8).ye Nea. de Nc B.ynd=A.F=yud. 
{*100°31] .(qy,6).ysma.dsmB.ynd=A.F=yvud. 
[1106] «ξε Ne(a+ Pf): I+, Prop 
#110221. Ε: ἕε Ne(n)fa+, Nc(O)8.=.qINe(n)a. qi ΝΝο(ζ 8. ξε Νο(α ἘΔ) 
Dem. 
Εν. #110202. 5} τ ξε No(n)fa +, Νο(Ώ 8. 
=iqiNe(n)‘a.qiNe(C)@: (ἢ, δ). Ne(n)a=Ne‘y. 
Νο( βξνοδι γαδιλιξεγυ ὃ: 
[*%100°35] Ξ τ ΕΝο(η)α «ἢ ΓΝο( “β τ(γ,δ).γ Βιὴ α. δ βιὰ βγῶ διλιξξγυὸδ: 
Π[ΕΙ10Ο167Ξ τῇ ἘΝοί(η)α. α ΕΝο(Ώβ. Fe Ne(a+8):. 9 Ὲ Prop 
*110'23. Ετα ΓΝοί(η)α.πἸΝο(Ώ  β.5. 
Νοί(η)α --ἰῷὠἰ Νο(ζ 8 Ξε Νοΐ(α Ὁ B)=Ncfat, Νιοβ [#110°221-22] 
Thus Ne(n)‘a+, Nc(f)@ is independent οὗ » and § so long as Νοία and 
Ne‘ exist in the types of η and ¢ respectively. 
#110231. ΕἼ: Ne(n)fa=A.v.Ne(O§B=A:3.Ne(n)fat,Nce(O.B=A 
[110-221] 


#11024 Finsma.fsm 8.3. Νιοίη το Neil = N,c'a +, Nie‘B 
Dem. 


"ἢ { 


Ε.108.42. ΡΙΗρ.32. Νιοίη - Νὺ (ηλα, Νιοζ-- Ne (8 (1) 
F.(1).*103813.3+:Hp.d.qiNe(n)a.q!iNc(fe. 
[*110-23] >. Ne (n)‘a +, Ne (¢)°8 =  Νιοία +, Nyc“ B (2) 


F.(1).(2). 95 . Prop 
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“I 


#11025. F:p,veNC.qism,“n.q ism. 9.4+,y=sm,“u+, emer 
Dem. 
F.*103-27.,DtipveNC.acn.Rev.qism,“n. Ἡ ism, 
2.n=N cla.v=N,cf8.qism,“u. Ἡ lsmety, 
[*103-41.4102°85]>,u=N,cfa.v=N,ci8.sm,“u=Ne(n)a. 
smgy = Νο(ζ 8. ἔΝο(η) α. α Νο(Ώ4β. 


[Κ11028] a. pt v= Ni cla -ἰς Νι 0" Ξε βγη, "ἴμ -Ἐς βιχεν (1) 
F .(1). #10°11:23°35 . D 

try,veNC.qiyu.qiv.qism,<‘u.q lsme“v-D.u+.y=sm, “wt sme“y (2) 
Εν «37°29. Transp. bi gism,“n.qismev.d.qiv.qiv (8) 


+ .(2).(3). D5. Prop 
#110251. Fs μρνε ΝΟ, μῦ τον ττμ τὸν 


Dem. 
F .%110°25 .%104265 ..9 
F:Hp.qipz® αι νι) μὸ τον τε μ τὸν (1) 
F.#110°202.D bre τ ἔμ) ἢ τ ν0}. 5). μῷ τον τε λ (2) 
Ε΄ ΚΙ 042604. 5Ὲ : Ηρ (2).9. οὐ ἔμ. ᾿ν). 
[*110°202] D.ut,vaA. 
((2)] 5. μὸ τες νῦν = μ γον (3) 
F.(1).(8). 95. Prop 


#110-252. Fi p,veNC.D. po +e rm =H+ev [Proof as in #110251] 


A similar proof applies to p”, »®, etc., and to any such derived cardinals 
whose existence follows from that of 4 and». The proposition does not hold 


generally for μῳ;, vq and other descending derived cardinals, because they may 
be null when pz and ν exist. 


The following proposition (*110°3) is more often used than any other in 
this number except *110°4. 


#1103. |. Ne‘a+,Ne‘G=N,cia+,N,c{8=Ne(at 8) [#1 10:22.(*110-03°04)] 
*110'31. Fsysma.dsm8.3.Ne‘y +, Nced=Nefa+,NefB [*110°243] 
The following proposition is frequently used. 


#11032. F:sanB=A.5.Ne‘a+, Nee =Ne‘(av 8) [¥110°3°14] 
#11038. Ε:ξεΝοία το Nck8.=.(qy, δ). ysma- dsm Boynd=A.E=yvud 
[¥110°3-16] 


The above proposition is used in *110°63. We might have used the above 
to define arithmetical addition, but this method would have been less con- 
venient than the method adopted in this number, both because there would 
have been more difficulty in dealing with types, and because the existence of 
Ne‘a +, Ne‘ (in the types in which it does exist) is less evident with the 
above definition than with the definitions given in *110°01:02'03-04. 
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4110331. |. Ne‘a+, Ne“@= 2 ((qy)-ysma.£—yam βὶ. CE} 


Dem. 
+. *110°38 . ¥24°47 2D 


bt: FeNe‘at,NeS.=.(qy,8)-ysma.dsm6.yC&.S=F—y. 


[*13'195] =.(qy)-ysma.&—ysm B.y CE: DF. Prop 
#11034. F:q!Ne(n)a.qiNc(£*8.3.Ne(n)'a +, Ne(t)8 =Ne‘a+, Nets 
[%110°23-3] 


#11035. Ε΄ Ne‘at,NieS@=Ne‘at+,Ne%@ — [*104'102-21 . *110°34] 


#110°351. Ε. Νῳοία τῷ Νῳοίβ Ξε  Νοία ἐς Νοβ [*106-21 . *110°34] 

Similar propositions will hold generally for ascending cardinals. 

The following proposition (#1104) is the most used of the propositions in 
this number. It is useful both in the form given, and in the form resulting 
from transposition, in which it shows that ~+,v=A unless both » and ν are 


existent cardinals. It is chiefly useful in avoiding the necessity of the 
hypothesis μι, v e NC in such propositions as the commutative and associative 


laws. 
#1104. F:iqipt+yv.d.p,veNC—t'A.pjveN,C  [*110'201:202°2] 


The following propositions, down to *110°411 inclusive, are concerned with 
types. They are not referred to in the sequel. 


#110401. F:w=Nicfa.v=N c88.D.a+ Bett (uf rv) 


Dem. 
.*11018.*10312.D+:Hp.d.atf ett(iaf tA). acu. Bev. 
[κ68.11] 9. ατβεί(α 7148}. .ta=hip.t Baty. 
[κ18:19] Diat Bett (tut hv). 
[*64°13] D.a+Pett(uftv): It. Prop 
*110°402. F:pveNC.d. qty) ο ἐμ fv) 

Dem. 


F. #11022. *100°3.5 
big=Noeta.v=N ci8.d.a+Reutypy. 
[4110-401] D.a+Be(utyv)ntt(p fr). 
[¥10-24] 5. τ ter) att (utr) (1) 
f.(1).*108-2. D+. Prop 

#1104038. FipjveN.C.s.q!(utgn)a tt(u tv) [5110’4024] 

#110404 Ε΄ 1 (Ne‘a +, Ne“) n t4(ta 7 HB) [*110-18°3 . #100°3] 
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*110°41. kK: y,veN,C -iw=ty. 5 . W ! ίμ +,v) nip 
Dem. 
Εν Ἀ108.11 .Dbtrp=N cla.v=Ni cB .tp=aty.d. 
BCta. vO Mhy=ty. 


[*63°21°35] > Μ ἐμ ΞΞ t*a . ἔν ΞΞ ἐβ - type = ἐν "» 
[K131617] σσ.ἐαπεβείμ. 
[4110-17] 5. ΠΤ Neat 8) atten. 


[¥*110°22.%63°19] D.qi(ut.v) nif: dt. Prop 
#110411. Frtfa=t8.3.q1(Ne‘a +, Ne“B) n tta. ἢ Ne (¢a)(a+ β) 
[*110°17°3] 
It will be observed that the following proposition (*110°42) requires no 
hypothesis. This is owing to *110°4 and *102°74. 
11042, F.vti.veNC 


Dem. 
F.#*110-22. Dkip=N ca.v=N cf8.5.u4+,v=Ne(a+). 
[*100°41] D.ptveNC (1) 
F.(1).#103°2. DkipveN,C.d.n+,veNC (2) 
F,*1104. Transp. b:~(pn,veN,.C).3.u+,v=A. 
[*102°74] μόνε ΝΟ (8) 
F.(2).(3). D4. Prop 


#11043. Fi y+t+,.v=Niocin.=.nept oy [*11042. *103:26] 
*110°44. F.sm“(u+,r)=etyv 
Dem. 
F371. #110'2.5 
F:€esm“(u+.v).=-(qn, a,8).n=N cla. ν- Ν᾽ ς(β.. ἡ βῖὴ (α -- β). ξβιλ η . 
(*73°3°32] (qa, 8).w=N,ca.v=N,c'8.&sm(at+ A). 
[*110°2] ~Fent+.vi0t. Prop 
The above proposition depends upon the fact that »+,v is typically am- 
biguous, even when μ and ν are typically definite. It is used in the theory of 
inductive cardinals (*120°32°41°424). 
The following propositions are concerned with the commutative and 
associative laws for arithmetical addition of cardinals. 
"1105. F.8+a=Cnv“(a+ 8) 
Dem. 
b #55'14.5b.Cnv“(at+ By=An Bl αν ΚΔ αὐ 8 
[(*110°01)] =8+a.Db. Prop 
#110501. +. 8+asma+Q [*1105.*73°4] 
#11051. F.pt veut, [#1102501 . *73°37] 


It is not necessary to the truth of the above proposition that μ and ν 
should be cardinals. If either is not a cardinal, μον and y+,m are both A. 


i alt ail 
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The following propositions lead to the associative law (*110-56). 
411052. +:&sm(a+S)+y.=.(q7,p.0)-7sma.psmB.osmy- 


aanp=A.Tmnoc=A.pno=A.E=Tv py 
Dem. 
#110152. 9 Εν ἕ 81ὰ (α -᾿ β) -Ἐ Ὑ .Ξ : (7,7). ἡ βιὰ (a+ 8). 

csmy.nao=A.E=nvuG: 
[*110°152] =:(q7,9,.707).7sma.psmS.rap=A.n=TVp. 
osmy.nac=A.f=nve: 

[*13°195.%22°68.%24°32]=:(q7, p,7).7rsma-psmS.osmy.7Ap=A. 
anac=A.pnosA.f=rupvyct. ot. Prop 


#110521. §:Esma+(8+y)-=-(7,p,0)-7sma.psm B.osmy. 
tmap=A.Tmno=A.pno=A.f=r7vpvuc [*110-501°52] 


*11053. +.(a+8)+ysma+(6+y¥) [#1 10°52°521 
#110531. a+ 8+y=(4+A)+y Df 
#11054. +. (Ne‘a+, Ne“B) +, Νοίγ - Νο(α Ὁ β Ὁ γ) 


Dem. 
-.#*1103.35.(Nefa+, Ne‘Q) +, Ne“y = Ne“(a+ 8) +, Nefy 


[*110°3.(*110°531)] =Ne{a+8+y).9+. Prop 
*110:541. Ε. Ne‘a+,(Ne‘8 4, Nefy) = Ne(a+6+4+y) 


Dem. 
t.*1103. Dk. Ne‘a +, (Ncf8 +e Ne‘y) = Ne‘{a + (8 + y)} 


[#110°53.(4110°531)] = Ne(a+P+y). D+. Prop 
#110°55. + .(Nefa+, Ne‘8) +, Ne“y = Ne‘a+, (Ne‘@8+, ΝΟ.) [11054541] 
*110°551. +. (N,cfa +, Noc§8) +, Νιο = Νιοία +, (NoeB +, ΝΟ) 

[10°55 « (#110-03-04)] 
#11056. F.(ut,r)+,.3 =U +. (V t,o) 


Dem. 
~*110°551.*103:2 .5 


ε 

Ετμινς, ΕΝ, Ο.3. (μ τὸ ν) Ἐς τ ξερ Ῥοίν Ἐς 3) (1) 
+.*110-4. Transp. 
Ετουίμ,ν, πα ε ΝΟ). 9. (ὦ tent e7=A.pto(vtaw=HA. 
[518171] - «(ὦ te v) +. P= τς (v το -) (2) 
Ε. ()ὴ.(2).2 ΕὈ Prop 

This is the associative law for arithmetical addition. It will be seen 


that, like the commutative law, it does not require that μιν, τ should be 
cardinals. 


*110°561. w+oy+,c7=(u+,v)+,0 Df 
*110°57. FeG@ter)t+ (a+. p)=eteut+.a+.p [110-56 .(*110-561)] 
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The following propositions, concerning the addition of 0 or 1, are used fre- 
quently in dealing with inductive cardinals (*120). 
*1106. FiweNC.3.4+,0=sm“u 

Dem. 
F.#101°11.*110-21,.5 


Fi. Hp.3:€eH+,0.2.(qa,8).aeu.8e0.Esm(at+f). 


[454-102] =.(qa).aen.£sm(a+A). 

[4110152] =.(qa,7,8).aeu.ysma.dsmA.qynd=A.fF=yud, 
[*73°47 | =.(qa,y).aep.ysma.€=y, 

[18.195] =.(qa).aen.EFsma. 

[*37°1} =.€esm“uw:. +. Prop 


When yp is a typically definite cardinal, sm‘ is the same cardinal 
rendered typically ambiguous; when μ is a typically ambiguous cardinal, 
sm“‘u is μι In place of the above proposition, we might write 
w#ENC.D.44+,0=y; this would be true whenever the ambiguity of 
w+,0 was so determined as to make it significant. But the above form 
gives more information. 


#11061. |.Ne‘a+,0= Nea 


Dem. 
F.*xl0L1. 3+. Nefa+,0=Nefat+, NcfA 
[¥110°32] = Νοίαν A) 
[κ24.24] = Nea. dF. Prop 


In this proposition, Ne‘a is typically ambiguous; hence we escape the 
necessity of putting sm‘‘Ne‘a on the right, as we should have to do if 
Ne‘a were typically definite. We can deduce *110°61 from *110°6 as 
follows: 

+. *1103.5b.Nea@+,0=N,cfa+,0 
{*110°6] =sm*N cha 
[#1034] = Ne‘a 

We have to travel via N,c‘a in this proof, in order to avoid the possibility 
of a typical determination of Ne‘a which would make Νοία τ Δ. It is for 
the same reason that we cannot put “sm‘*Ne‘a=Ne‘a”; for if the first 
Ne‘a is determined to a type in which Ne‘a = A, while the second is not, this 
equation becomes false. 

*110°62. bipteyv=0 = μΞῦ .vp=9 

Dem. 

t.*103:27 .*101:1113.5+.0=N,cfA (1) 
Ε. (1). Κ110.48..9 


ἘΣ μΈς νΞΘιΞελεμπεν: 


[ἘΠ10202] =: qiwegive(qy,d)-w=Ne'y.v=NeS.ya d=A.yud=A: 
[*24°32.4%13-22] =:qtweqivia=NcA. y=Ne‘A: 
[#1017112] =ty=0.yv=0:.3F. Prop 


R&W II 6 
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411063. |.Ne‘at+,1=2 ((qy,y).ysma.yrey. Fay very} 
Dem. 


Ε.Ἀ101.2.,9 

Ε.Νοία 4,1 =Ne‘a +, Νοίι 
[11033] = 2 {(qy,8)-ysma.Ssmife.ynS=A.E=7v δ) 
[*73°45] = El(qy,d).ysma.Sel.ynS=A.F=yvd} 
[%52°1] = ξ ((ῃγ, d,y).ysma.d=t'y.yaSHA.E=yvd} 


[*13-195.451-211] = Ε {(qy, y) -ysma.yrey.E=y uly}. Db. Prop 


The above proposition is much used in the theory of finite and infinite, both 
cardinal and ordinal. It connects mathematicalinduction for inductive cardinals 
with mathematical induction for inductive classes (cf. #120). 


#110681. F:weNC.d.ptel =F {(qy.y).yesm“p.yrey. ξτεγυ ly} 
Dem. 
b.#110°211 .*101°'21.5 
brHp.Dd.ptel =F {(qy,d). yesm“p.desm“1.ynS=A.F=yvu δὶ 
[*101°28] = F {(qy,8).yesm“p.del.ynd=A. Fay vd} 
[κῦ21.κ81.211] =F {(qy, yy). yesmpeyrey.EF=yu ty}: ob. Prop 


ΨῸΡΣ ῸΡΣ 


The proposition 


weNC.2.p+ol =F (ayy) vem yrey-Esmy vey} 
which might at first sight seem demonstrable, will only be true universally if 
the total number of objects in any one type is not finite. For suppose ἃ is a 
type, and w= N,c‘a. Then if ais a finite class, μ Ξε ια. Hence yeu.,,- yey: 
Hence £ {(qy, y) γεμ- γε εν « Esm(y vlty)} =A in all types. But z+, 1 will 
exist in all types higher than that of y. If on the other hand the number of 
entities in ἃ is infinite, we shall have 


yea. D.a—tyeNcfa.yrea—i’y. 
Hence in this case the above proposition will be true universally. 
#110632. ΕἸ με ΝΟ. 2. μ:.1- Εν). ν εξ. £—etyesm™p} 


Dem. 
t.*110°631 .*51°211-22.5 


Hi Hp.D.mtol=El(ary)-vesm“p.yebay=b— vty} 
[Κ18.195] = ξ [({}}.ν εξ. ἕξ -- αἶψ ἐβυαμ} :9 Ε΄ Prop 
#11064. +.04,0=0 [#11062] 
#110641. +.14,0=0+,1=1 [*11051-61. #101-2] 
#110642. +.24,0=04,2=2 [#1105161 . #10131] 
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4110643. k.14+,1=2 


Dem. 
F . 110-632 . *101/21-28 . D 


be l+ 1 =F {(qy).yek-E—tyel} 
[*54'3] =2,). Prop 


The above proposition is occasionally useful. It is used at least three times, 
in *113°66 and *120°123°472. 


*110°7-°71 are required for proving *110°72, and *110-72 is used in *117°3, 
which is a fundamental proposition in the theory of greater and less. 


#1107. Fi: 8Ca.d.(qu).peNC. Nefa=Ne‘B+ou 


Dem. 
F.*24-411:21.5F:Hp.d.a=Bv(a—f)-Bn(a-A)=A. 
[¥110°32] 9. Ne‘a=Nef8 +, Ne(a— 8): D+. Prop 
#11071. F:(qu).Nea=Ne‘B+,n-9.(q5).dsm 8.5 Ca 
Dem. 
F.*100°3.#110°4.5 
b:Nefa=NceB+i4.3.neNC—UaA (1) 


F.*11038.5b: Ne‘a=Ne@4,Ney.=.Nea=Ne(8+y). 
[*100°3°31] >.asm(S+y). 


[¥73'1] D.(qR). ε1-} DR=a.TR=l Aub Ag) “ety. 
[*37°15] >.(qR). Rell. J λλβ ΟΠ . RY | AB Ca. 
[4%110°12.%73°22] D> .(qd).8Ca.dsmP (2) 
Ε. (1). (23.3.0 Prop 


The above proof depends upon the fact that “Ne‘a” and “Νο"β +,” are 
typically ambiguous, and therefore, when they are asserted to be equal, this 
must hold in any type, and therefore, in particular, in that type for which we 
have ae Ne“a, 1.6. for N,c'a. This is why the use of *100°3 is legitimate. 


#11072, b:(q8).d8sm8.8Ca.=.(qu).peNC.Nea=NeBt+ou 
Dem. 
F.*100°321.*110°7.5 
k:.8sm8.8Ca. Dd: NeS=Ne'S: (qu). weNC.Nea=NeS+,u: 
[1819] D:(qu)-weNC.Ne‘a=Ne'B+ou (1) 
F.(1).*110°71. 5+. Prop 


#111. DOUBLE SIMILARITY 
Summary of *111. 


The arithmetical properties of a class, so far as these do not require or 
assume that it is a class of classes, are the same for any similar class. But a 
class of classes has many arithmetical properties which it does not share with 
all similar classes of classes. For example, if « is a class of classes, the number 
of members of s‘« is an arithmetical property of «, but it is obvious that this 
is not determined by the number of members of «, but requires also a know- 
ledge of the numbers of members of members of κ, For example, let « consist 
of the two members ἃ and 8, and let consist of y and ὃ, Then «sma; but 
in order to be able to infer s‘«sms*‘A, we require κ, XeCls*excl and 
asmy.@sm6 or asmé.smy or some such further datum. The relation of 
“double similarity,” to be defined in the present number, is a relation between 
classes of classes, which, when it holds between « and X, insures that all the 
arithmetical properties of « and » are the same, eg. we have (in particular) 
Ne‘s‘« = Νοίβ'λ and Ne‘ea‘« = Ne‘esX. This relation we denote by “sm sm,” 
which is to be read as one symbol. It is defined as follows: We define first the 
class of “double correlators” of « and >, which we denote by “« sm sm A,” and 
of which the definition is 


«- A 
#11101. καὶ ἔτῃ 1 ἃ ξΞξ (1 - 1) δὰ ὁ Τ (κ τ Τελ) Df 
so that 
b:Texsmsma.=.felol.dT=snr7.n=TEX. 
We then define “«sm sm X” as meaning that « Sm 8M A is not null, ze. that 
there is at least one double correlator of « and X. 


To illustrate the nature of a double correlator, let us suppose that « consists 
of the two classes a, and a,, and that a, consists of δ), ἅ., while a, consists of 
my, Bog, 3. Similarly let X consist of B, and 8,5, while β, consists of yu, yYr2 
and 8, consists of 4, Yx2, ὕω. Now let T correlate each # with the y having 
the same two suffixes. Then Τ' is a one-one, and its converse domain is s*n. 
Moreover 7ε 8, (which is 7“*8,)=a,, and Τεβ, τε ας, so that TeX =x. Thus 
f is a double correlator according to the definition. 


The essential characteristic of a double correlator T is that (1) T is a 
correlator of s‘« and s‘, (2) ΤΕ [A isa correlator of κ and ». If we write 8 
in place of Te fA, then if Bed, we have S{8ex; moreover Tf is a correlator 
of 88 and 8. Thus « and are similar classes of similar classes. They are 
not merely this, however, for we not only know that S‘@ is similar to 8, but 
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we know a particular correlator of S‘8 and 8, namely TT 8. This is essential 
to the use of double similarity, as will appear shortly. 


Let us consider the relation between « and ἃ which consists in their being 
similar classes of similar classes, This means that there is a correlator S of κα 
and A, such that, if 8 ea, SB is similar to 8. That is to say, we are to consider 
the hypothesis 

(qS).Selo1l.DS=«.0S=r.S9 sm 
or, as it may be more briefly expressed, 
τ κ ἔτη ἃ ἡ Ri‘sm. 


Let us assume Sex ΒΤ ἃ ὦ Ri‘sm. If we attempt to prove (say) that s%« 
is similar to s‘A, we find that we are forced to assume the multiplicative axiom; 
unless « and 2 are finite. This necessity arises as follows. Let us put 


Crp (S)‘8 = (8*8) sm 8, 
where “Crp” stands for “correspondence.” Then we know that whenever 
Bex, Crp (9). is not null. Further it is easy to prove that, if « and Ἃ are 
classes of mutually exclusive classes, and if we can pick out one representative 
member of Crp(8)‘8 for each value of 8 which is a member of A, then the 
relational sum of all these representative correlations gives us a correlator of 
sfc and s". That is, we have 


tix, reCls?excl. Sexdm rn Ri‘sm. Reea‘Crp(S)"r.D. Ὁ) Re(s‘x) im (sr). 


But in order to infer hence s‘« sm s‘A, we need q!ea‘Crp(S)*A, ἐδ. we 
need to be able to pick out a particular correlator for each pair of similar 
classes S*8 and 8. This, however, cannot be done in general without assuming 
the multiplicative axiom. It follows that we must not define two classes as 
having double similarity when Ὁ ἴ καὶ ΒΕ ἃ ὦ Ri‘sm, but must give a definition 
which enables us to specify a particular correlator for each pair of similar 
classes. This is what is effected by the above definition of double correlators, 
where our S is given as of the form T.[A, where Tel1—1.0‘T=8%., If the 
multiplicative axiom is assumed, but in general not otherwise, we have 
(«111°5) 

κ, Ne Cls?excl. DixsmsmA.=.q!l«smrAn Ri‘sm. 

In the present number, we shall begin with various properties of double 
correlators. We prove (#111°11) that Τ' is a double correlator of « and Δ when, 
and only when, 7 is a correlator of s‘« and s‘A, and 7'e[X is a correlator of καὶ 
and x. We prove (*111-112) that in the same hypothesis, Te fA ¢ «8M An Ri‘sm. 
We prove (*111°18) that J[s‘A is a double correlator of % with itself; that 


(*111°181) if 7 is a double correlator of « and λ, T is a double correlator of ἃ 
and «; that (*111-132) if S, 7 are double correlators of « with Δ and of Δ with 
# respectively, 8|7 is a double correlator of « with y. Hence it follows 
(#111°45°451:452) that double similarity is reflexive, symmetrical, and transi- 
tive. 
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We then proceed (*111'2—'34) to consider Crp (8)A, where it is to be 
supposed that Sis a correlator of SA and A, and that §*8 is similar to @ if 
Ber. We prove 


#11132. Ε:λ, Sr eClstexcl. Sell. Re es‘Crp(S)"r1. M=sD‘R.D. 
Me11.0°M=sr..8X= MEX. SPA= Mpa 
Thus in the case supposed, M is a double correlator of S“) and x. Thus 
4111322. Ε τ κ, NeCls*excl. Sex3mar. Re eaSCrp(S)*”2. M=sDR.D. 
Mexsmsmr»~.S=Metr 
We then proceed (*111'4—-47) to various propositions on “smsm,” and 
finally (#111°5°51°53) state three propositions which assume the multiplicative 
axiom, namely 
#1115. IZf«,r¢Cls*excl, then esmsmr.=.q!xsmAN Ri‘gm., 
*111:'51. In the same case, q!xsmrn Ri‘sm., s‘esm 8.λ, te. if « and ἃ 
are similar classes of mutually exclusive similar classes, their sums are similar. 


#11153. In the same case, if «,r¢Cls*excl, «smsm ἃ. Hence the multipli- 
cative axiom implies that two classes of «4 mutually exclusive classes each of 
which has » terms, have the same number of terms in their sum. 


411101, eS MrA=(Lo1)ndisrn δία τ Τρ) Df 
#11102. Crp (S)‘8 -- (348) am 8 Df 
#11108. smsm=2(q! « Sti Sid) - Df 
#llll. -:Texsmsmr.=.7elol.OT=sr7.e=Ter [(#l11-01)] 
#11111. +: Zexsmamnr.=. Le (s‘x)sm (sr). Τῇ δ εκ ἕπὰ ἃ 
Dem. 
b.487°25. Fact. 5 (1 τ ἐλ. καὶ TeX. DTH TS = TDK, 


[*40°38] 9. 71 -τ-τ Τὶς κε TEN, 
[6.87 4}] >. Ὁ“ - sx (1) 
Εν #72451 . *60°57 . *35°65.D 

F:Pelol. GT=s7.5.7Tefrelol .rx=A(Tef ar) (2) 
+ .*37°401 . DFix=Te&rX.S.K=D(Te fA) (8) 


Ε. (1). (2). (8). #471. 3b: Pelol. ΠΤ 9. κα Τρελ.τς 
7ε1-» 1. Ὁ .7 τρίς, (7 τερίλ. TePrel1.D(TePay=u.A(TePrAy=r (4) 
Ε.(4). ἘΠῚ1 1. ]808.2. Prop 
ἈΠ11111. Ε. 7 εκξιπεταλ. 9. 7.x Gsm 
| Dem. 
b.¥1111.*60°57.3+:Hp.d.Telol.xacclray, 
[x73°5] 2. T.frAEsm:D+. Prop 


ἈΠ11.112, F:Texsmamara.>.TefXexsmAnRism = [ἈΠ11111111] 
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The two following propositions are useful lemmas for the case when Τ' is 
replaced (as it often is) by Tf a. 
#11112. bisr Ca. d.(ThayraaTeir.(Tf aefra=Tepa 
Dem. 


Εν «37101421. 3b: 8Ca.d.(ThaSB= 7Τε 8 (1) 
Ε. *40-18. IF. Hp.d:8er.9.8Ca (2) 
E.(1).(2). DIk:Hp.d:Ber.d.(Tha(B= TAB: 

[*37°69.%35°71] D:(Thaeirn= Leh. (T fale fr=Tefran Dk. Prop 


#111121. (TP 8) λ = TEKH (Te Pr. (TP sre λΞ Ter 
Dem. 
b.87'421. 5b. TeX = {71} λ)κλ (1) 


ἕ 
(1) addd12 2*. D4. Prop 
4111-13. ΕὉ IP ΘᾺ ἐλ ami SD 


Dem. 
Ε. 472717 #50552. Db. TPs rAclLol. A(lfsajy=sr (1) 
b. #111121. Dh. (TP siren = Def r 
[%50°16°17] =X (2) 


b.(1). (2). #1111. 9+. Prop 
4111181. Ε: Tex MSD. =. Terns κα 


Dem. 
bt. «71212. 5+: Telol.=.Telvol (1) 
Ε.Ἀ11111.. DE: Texsmsmr.2.D‘ST= 8x (2) 


Ε. Ἀ111ΤῚ. (2). #6057. 
+: Texsmsmr.2.Felol.x«CClDT .ACCIOT n= Tn, 


[#746] Dn = (Dee (3) 
b.(1). (2).(8) ILL. Db: PexSm amin. >. Teds i κ (4) 
Ore Db: εχ πὶ επ κ. 2. Τὰ κ Ἐπ amr (5) 


Ε. (4). (ὅ). 24. Prop 
#111182. Ε: Sexsmamr.TerXSmsmp.d.S8|Tex sm sm μ 


Dem. 
+. *111°11.*73°311.)5 


ΕἸ Ηρ. 2. 517 ¢ (se) smi (s*z) «(Sef ayl(Tef m) εκ δα μ Q) 
#85354. DE. (SePA) (Tet μὴ) =Sel(X] Te μ) (2) 
Εν 74.281. 1111. Ὲ :ΗΡ.2. 8 |(r1 Te pw) = Sel(Tef μὴ 
[#35°23] = (Sel Te) fu 
(*37°34] =(8|Dyef  μ (3) 


Ε.(1).(2). (3). +: Hp. 3: S| T e (s*x) 5m (8, μ) - (S| Def μ € «50M « 
[#111°11] 2. ΒΤ εκ sms w: Ib. Prop 
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κ11114. Ε: Tf sreccsmamr.=.Thsrclol.sracadTinc=T&r 
Dem. 
EF. *1111121.9 
t:TfhsrvexSmsmrA.=.Tfstrxclol.a(rfsajyasr.c= Thr. 
[*35°65] Thsrelal.st COT. c= FAA: D+. Prop 
#11115. Ε:-ὡὦΥ̓́,ΙϑΒ'λ εκ ξτὴ 51 ἃ .ΞΞ, Tf sXe (s‘x)Sm (sr). Tefrexsma 
Dem. 
Εν. Κ11111.2 
ΕἸ ΤΥ 8. εκ 51 ὅτα ἃ. ΞΞ. Tf sre (sx) Sm (sr). (Tf sr)efrexsmar (1) 
Εν (4). Χ111121 . 2. ΕὩ Prop 


#11116. F:qlasm@nysmsé.d.a=y7.8=86 


tl 


Dem. 
+.#73:08.)+:Hp.>.(qR).DiR=a.0R=8.D'R=y.0R=Ss. 
[#13171] D.a=y.8=5:9+. Prop 

#11118. +.asmS8C(af B)‘8 
Dem. 
b .#35°83.*#73-:03.Db:Reasm8.9.RGaTB (1) 
+. *73°03. DF: εαθ β.3. Εε1-- (19. 6 -Ξ [Ὰ (9) 


F.(1).(2).*8014. 54+. Prop 
The class (a 7 8)a‘8 is important, being the class of Cantor’s “Belegungen,” 
used by him to define exponentiation; we have in fact 
Ne“(a 7 B)aSB =(Nefayre®, 
Thus the above proposition shows that Nc‘(a 8m 8) is less than or equal to 
(Ne‘a)Ne8; and since, whenever it is not zero, Ne‘a = Ne‘§, it is less than or 
equal to 
(ΝΟ) θα, 
The following propositions lead up to *#111:32'33'34: 
#1112, +: EIS*8.3.Crp(S)§8=(8'8)sm8 = («14-28 . (#111-02)] 
111-201. +: f {Crp (S)‘8} . = . f{(8*8) 8m B} [*4°2 . (Κ11102}} 
#111202. Ε: Re Crp(SV¥8.=. Rel 1. DR=S8'8.0R=8 
[*111:201 . #7303] 
¥111-21. b:q!Crp(S)(8.=.5°8sm8 [*111-201 . *73-04] 
*111-211. ΕἸ qt Crp (8) 8.3. .E!Se. Bes (111-21. «14-21 .%33°43] 
#11122. Ε:. βε(“5.39,.Ἡ 1 ΟΡ (5.7.8. 1Ξε. 5 ε1 -- (5. S€sm 
Dem. 
Fe #11221. 9h :.8e AS. 25». 1 Crp (SB: 
[*7 2°93] 


>:BeUS.D,.S*BsmZ: 
:Sel1—+Cls.SGsm :. +. Prop 


It 1] 
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#111-221, F:.SeloCls.SGsm.3:q!Crp(S\8.=. βε 8 


Dem. 
F.#111°22. +: Hp.d:8eU‘S.3.q! Crp(S)8 (1) 
Γι. (1). #111211. 5+. Prop 


#11123. Ε:8ε1-}}. 8 e049. >. Crp (88 = Cnv“Crp (ὅγϑ8 


Dem. 
Εν. *111°2.*71:163 .3 


b:. Hp.3:Crp(S)8 = (926) sm 8 


[473301] = σαν (β ami 5:8) 

[72.241] = Οὐν (8.8.8 sm 548) (1) 
S, S* - 

Εν). #111201 τ. D+. Prop 


#11124. F:Sel1—-Cls.raCd‘8. 3. Crp(s)A ε Cls? excl 

Dem. 
Ε. 1112. #71:163.5 
Ε:Ἦρ.9:β,γ ελ.9,,.. Crp (}.β = (S*8) sm 8. Crp (8)*y = (8) δὰ γ. (1) 
[*111°16] De,yeq !Crp(S)§B a Crp($)y.3.8=y4. 
[(1).&80°37 ] > .Crp(8)8=Crp(8)y (2) 
Ε. (2). 8768. ΧΕ :. Ηρ. d:p,c¢¢Crp(S¥A.q!pno.2,o.p=o1 I+. Prop 
*#111:25. +: Se1 oCls.SGsm.xaC “5. 3. Crp (9). Cls ex? excl 

[¥111-24-22) 

#1113. F:XeCls*excl. >. s“D*‘e,'a 5m“‘A C (α 7 sA)aSor 

Dem. 

Εν. «87°29 . *#2412.39 


br esasm*“A= A.D. 8D esfa Sm“A C (a 7 8A)a or (1) 
‘+ .x831.9 

F:.Hp.qtes*asmA.3:8er.d2.q!lasm‘s. 

[Κ11118] Dp ai (at 8).β. 

[#80715] De. qi(af 84λ)446: 

[κ8088] Di flat sr)aA} 1(α 1.8}. 61 -Ὁ 1 (2) 
b (8). Κ11118.. 485-72 nom, (af he .3 

Ε:ΉΡ.ἢ leafasmA. 9. D“estasm“r€ Dé‘eg(a 7 5'λ)λ. 

[487-2] Ὁ. Deeg aD CHD Mena } δ, r)a“r 

[¥85-27] Cat s'r)a‘sr (3) 


.(1). (3). D4. Prop 
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#11131. Ετλ, SAX €Cls?exel. Sel —»1. Reea‘Crp(S)"r.9. 


DSR e (3°80) 8m (SA) 

Dem. 
Ε.588:.2. 2 
F:i.Hp.3:8er.=. RCrp(8)‘Be στρ (5.7.8. 
[*111-202] =. R‘Crp(8)§B el +1. D‘R Crp (8) B=S‘8 - 

ΠΟΥ (S)8=8 (1) 
Ε.(1). «72322. D+: Hp.>.sR“Crp(S)"re1— 1. 
[κ80.84] 2.6 0) .Εε1--»1 (2) 


b . (1) .*37°68.#50°17. Ε: Hp. >. DR“ Crp (SaaS. 

σον (S)"r =X. 
[κ80.34] >. DIDI = SX. ΠσΘ Κ πλ. 
(*41°43°44] 9. D'SDIB = 6S. CEDR= λ (9) 
F.(2).(3).*73°03. D+. Prop 


#111311. br, S!Xe Clstexcl. Sell. ἢ 1 ea‘Crp (S)“A. 9. sS“Asm sr 
[111-31 . 473-04] 


#111313. Ε:Ὰ ε Cls?excl. Re esCrp(S)“A. Ber. M=s8D‘R.D. 
Mi} 8=R‘Crp(8)'8. ΜΕ Be Crp(Sy8 


Dem. 
b.#83'2. bi: Hp.di.aer. 2, : Κι (S)‘ae Crp (S)*a: (1) 
[*111-202] >. : ΠΕ Οὐ (5) αξεα: 
(*33°14.44°7 1] Dia {RCrp(S)a} y.=.a{[RCrp(S)a}y.yea (2) 


+ «35101 .*83°23 .*41°11.9 
bi. Hp. d:a(Mf B)y.=. (qa). acer. x {RCrp(S)al y.ye 8. 


(2)] = .(qa).aer.a{B‘Crp(S)a} ys yean,. 
[κ84.11..κ92.8] =.(qa).aer.0{RCrp(S)aly.yeR.a=P. 
[413195] =. Ber.x{RCrp(S)'Bly.yeR. 

(Hp.«473.(2)] =. 2{ROrp (S¥ 8} y (3) 


t.(1). (8). 35. Prop 


#11132. F:Aa,S“rXeClsexcl'’: Sell. ReesCrp(S)r.M=sD‘R.D. 
Mell. UM=8r..SREMEX.SPA=MPA 


Dem. 
F ..*111:31.*73:03.3+:Hp.d.Melo1l.d‘M=s% (1) 
b.#*111'3138-202. 568 :. Ηρ».9:βενκ.2.. Δ} β)- 8.8. ΟΜ ἢ β)π- 8. 
[*37°25] >. (MP 8)“«B = SB. 
[*37°421-11] >.MUAKB=SB: 
[4#35°7 1.4837°69] 9: MePA=SPA. Men τ SO (2) 


F.(1).(2). +. Prop 


#111321. Ε:λ, SA Cle’ excl. SelLol.q!es‘Crp(S)r.D. 
(4). ΜῈὲ1- 1. Π2{-π8Χ. δ πὶ Με. ΒΓ π ΜῈ  λ 
[¥111-32] 
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#111322. Ε: «,rX ¢Clsexcl. Sexsmnr. Re es’Crp(S)A. M=8sD‘R.D. 
Mexsmamr.S=Mef>r> [Ὰ111}821. *85-66 . *73°03] 
#11133. br. Multax.3:Se¢1—»1.SG@sm.«,reCls*excl.«=S“rA.ACA‘S.D,. 
sfc sm 8'λ 
Dem. 
+, *111°221.5 


b:.Sel—>1.SCsm.«,r.eClstexcl. c=SX.ACUS.9: 


Ber.dp.q! Crp (S)8: 
[88:81] D:Multax.D.qlesCrp(S)nr. 
[*111°311] Ὁ. 8'κ 5τὴ 8'λ : +. Prop 


#11134. +:.Multax.3: 
(qS).Sel71.SGsm.D‘S=x«%.0S=2.«,r€ Cl’ exel. 3. 
(q¥M). Mel 31.0M=sr.4= Με ἃ 
Dem. 
Ε.Ἀ111.25. 5 
Ε:. 5. ε1 Ὁ 1. ὅρα. ϑτε κ. ΟΠ τὸλ κι ὰ ε Clstexcl. 5: 


Crp (S)A ε Cls ex’ excl : 
[88°32] D:Multax.2.qlea*Orp (Sr. 
[111-321] >.(qM).Mel31.0'M=sr.e=MEX (1) 


F. (1). #1071123. Comm. 2+. Prop 
The following propositions are concerned with the elementary properties 
of “smsm.” It will be seen that they are closely analogous to those of “sm.” 
1114. Feesmsmyd.=.(q7). Tell. A Tash. c= TeX. = qi esmamar 
[MLL 1-1 . (Ε1118}} 
#111401. F:xsmsmdA.=.(q7). Tell. sraCdTi.n=Teor 
Dem. 
Ε.κ22.42..ν4111 4.2 sesmsma.>.(q7). Tell sx Cal. «c= T&D (1) 
F.(1).#111:14. 35+. Prop 
*111-402. Fixsmsmr.=. (ql). Thsrelal Δ Cd. «=lEr 
[*111°14°1°121] 
#11143. FsesmsmaA.>.(qS).Sel1o1.S€sm.DGS=«.d8S=r 
[Κ111:11:111] 


*11144. ΕἼ κι ϑυὴ Βῖη ἃ. 9. καὶ δα ἃ. 8'ικ ϑήιη 8 [#11 1°11°4. κ78 3] 
Ἐ111.46. Ε΄ ἃ 51 βῖὴ ἃ [#111°13°4] 

#111451. Fi:xsmsmdX.=.Asmsm« [¥*111-131-4] 

Ἀ111.452. b:«smsmA.Asmsmy.>.esmsm yp [¥111-132°4] 

*11146. Ε:λ, SX Clstexcl. Sell. ἢ lea‘Crp(S)"2A.3. 8A smsm vr 


[*111-32-4] 
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#11147. bi.«smsmr.D:x6¢Clstexcl.=.A ε Cls? excl 


Dem. 
bt. xlil4. Dt: Hp.d:(q7).Tel—l Πρ. ee TON: 
[*84°53] D>:reCls*excl. Dd. κε Cls? excl (1) 
F.(1).#111°451. 3b: Hp. d:«eCls’excl. >. € Cls? excl (2) 
F.(1).(2). DF. Prop 
*1115. Ετ: Multax.3:.%,reCls’excl 9: 
esmsmrA.=.(qS). Sel al. SCsm.DS=«.0S=2. 
=.qi«smrn ΒΕ] θη (¥111°34°43°4] 
#11151. -:. Multax.3:4«,r ¢Clstexcl.q! «sm rn Rifsm. 2. sesm s‘r 
[*111°5°44) 


#11152. FrpveNC.n,rcunClv.3.qi« imran Ri‘sm 
Dem. 
F.*100°5. #731. 5D+: Hp. >.(q8).Selol.DS=«.dS=r (1) 
F.*100°5. DtiHp.diaex.Ber.d.asm8 (2) 
Ε. (1). (2). 3+. Prop 
Ἀ111.68. Ε:. Μυϊ αχ, 9: μιν ε ΝΟ. κιλ ἐμὰ Clexcl’v.csmsmr 
(#111-52°5] 


*112, THE ARITHMETICAL SUM OF A CLASS OF CLASSES 
Summary of *112. 


In this number, we return to the arithmetical operations, The definition 
of addition in *110 was only applicable to a finite number of summands, 
because the summands had to be enumerated. In the present number, we 
define the arithmetical sum of a class of classes, so that the summands are 
given as the members of a class, and do not require to be enumerated. Hence 
the definition in this number is as applicable to an infinite number of summands 
as to a finite number. 


If « is a class of mutually exclusive classes, the number of sx will be the 
sum of the numbers of members of x; 1.6. if we write “SNe‘x” for the sum of 
the numbers of members of «, 


«xe Cls? excl. D. Nefs*x = Σ Νοίκ, 


But when the members of « are not mutually exclusive, a term « which is a 
member of two members (say a and 8) of « has to be counted twice over in 
obtaining the arithmetical sum of x, whereas in the logical sum ὦ: is only 
counted once. Thus we need a construction which shall duplicate , taking 
it first as a member of a, and then as a member of 8. This is effected if we 
replace « first by «{a, and then by 218. In fact, «la has the kind of 
arithmetical properties which we mean to secure when we speak of “a con- 
sidered as a member of a”——a phrase which, as it stands, does not serve our 
purpose, for z is simply ὦ however we may choose to consider it. Thus we 
replace a by | a‘‘a and β by | BP and so on; 1.6. (usg *85°5), we replace 
a by e]aand @ by e] 8 and so on, These new classes are similar to a and 8 
and so on, and are mutually exclusive. Hence their logical sum has the 
number of terms which is wanted for the arithmetical sum of the members of 
x. Thus we put 
Sue=ste]e Dé 
ΣΝ τ ΝΟΣ κι De 

With regard to the second of these definitions, it is to be observed that 
=Ne‘x is not a function of Nex, unless no two members of « are similar; for 
Nex cannot contain the same number twice over. For the same reason, if > 
is a class of cardinals, and we define “Sum‘A,” we do not get what is wanted 
for arithmetical addition, because our definition will not enable us to deal 
with summations in which there are numbers that are repeated. We could, 
if it were worth while, define “Sum‘X” as follows: Take a class of classes x, 
consisting of one class having each number which is a member of A, 1.9, let x 
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be a selection from A; then &“« will have the required number of terms. 7.6. 
we might put 

Sum τε (({κ). ce DesX.Esm x} Df. 
But since this definition is only available for sums in which no number is 
repeated, it is not worth while to introduce it. 


In this number we prove the following propositions among others. 


#11215. F:«eClstexcl.d.s'ee Σ Νοίκ 

This is an extension of #11032. 

411217. Frxsmsma. 9. 2No%= ZINA, Σίκ 8πὶ BA 

The chief point in the above proposition is that it does not require 
κ, ἃ ε Cle? excl. 

Κ112.2-- 94. are concerned with the use of the multiplicative axiom and 
the propositions of #111 in which it appears as hypothesis, We have 
4112-22, +: Multax.D:q!(e]“«)im(e]“A)n Rifsm. 3. 2Nofx= TNA 
whence we derive the proposition 


411294. bi. Multax.D:ipveNC.a,reunClv.d.2Ne% πὶ ΣΝολ, 


1.8. assuming the multiplicative axiom, two classes which each consist of 
p Classes of » terms each have the same number of terms in their sum. This 
number would naturally be defined as % multiplied by v, but owing to the 
necessity of the multiplicative axiom in this proposition, we have selected a 
different definition of multiplication (#113) which does not depend upon the 
multiplicative axiom. The reader should observe that the similarity of two 
classes, each of which consists of » mutually exclusive sets of v terms, cannot 
be proved in general without the multiplicative axiom. 


The remaining propositions of this number give properties of Σ in special 
cases. We prove that £‘A = A (#112°3), that ΣΝοίιία = Νοία (*112°321), that 
at β.2..ΣΝοίαν 'B)=Ne'a +, Ne'B («112'34), which connects the defini- 
tion of addition in this number with that in *110. Finally we prove the 
general associative law for addition, in the following two forms: 


¥11241. Εν Στ ESD 
#112438, F:reCls?excl. D. ΝΟΣ ΣΑ = NeS'5 


#11201. Se=ste] “ne Df 

#11202. SNe‘ πα ΝΟΣ, Df 

Κ1191. ΕἸΣΙ κα ate Τίς [%20-2 . (61191}} 
#112101. +. SNe‘ τ ΝΟΣ = Nols'e [ie (420-2. 112-1 . (4112-02)] 
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#112102. Ε. Σ΄κ-- ἢ i(qa,a).aex.cca.R=alal 
Dem. 
Εν κβδ 6. 40°11 1121. 


Ε. Se=Ri(qua)ace p= αἰ. Κ εμὶ 

[κ18195] = ἢ [(α). ἀἄεκ. Rel ata} 

[κὅδ.23811-- Καὶ [(ῃα, α).αε κ .ceaeR=ala}. dt. Prop 
#112103. Ε΄ Se τὸ ϑ'ἃ {(qa).aex. m= fata} [112°] . 85-6] 
#11211. ΕἸ: ΘΕΣΝοίκ.Ξ. β sm se [x [*112-101] 
#11212. F.ste “ee TNeke [Κ112.11] 
*11213. F:asmsme]“«.D.srXeZNeo% [ἈΠ1144.᾽12.11] 
#11214. Γ: 

Dem. 
+. #2133.DF:. Hp. T = Ra {(qa).ace.cea.R=ala .2: 
aTR.yTR.D.(qa,8). πα ψα. τα γ.1β. 


xeClsexcl. 3. ε ]“xsmsm κα 


[κὖὅ5.81] D.c=y!t 

f*e7117] 3: ΤΕεῚ -- Cls (1) 
F . #2133 .9 
F:Hp(1).e7R.cTS.3.(qa,8).a,Bex.weanB.R=ala. Saal β. 
[*8411.Hp] >.(qa,8).a=B.R=aela.S=al PB. 

[¥13-195] >.R=8: 

[x71-171]3:TeCls 1 (2) 
b.*83°131.3b:.Hp(1).d:veAT.=.(qh,a).acx.cea.R=a2la. 
[*55°12] =.aes'x (3) 


b.«87'1'11.5 


biiHp.Ddiaex.I:ReTea.=.(qu,8).ceanB. Bex. ἔξω. β. 


[*8411.Hp] =.(qa,B).ceanB.Bex.a=8.R=alA. 
[*13°195] =.(qz).c2ea.R=al Bp. 

[*85°601] =.Ree] a: 

[¥37°69] :, Tex =e Tx (4) 


b.(1).(2).(8). (4). #1114. 3. Prop 
#11215. brxeCls’excl..s'ee Σ Νοίκ [#1121411 . 111-44] 
#112151. s‘e a= RB (qa, 2). acd. cea. R=al αἱ. sce [rA=efa 


Dem. 
Ἐν 4011. («85°5). 3 


Ε.8ε 145 Κα (τα). αελ. ΚΕ ε{ ata} 


[κ38:131] - RK ((qa,x).aed.sea.R=al αἱ (1) 
F.(1). 4111.3 


Εν ssf FA = 9B (GR, a,0).a@eX.cea.R=ala.yRP} 
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[413-195.%55°13] = 98 (qa, z).aedX.wea.yau.B=al 

[*13-22] = 98 [Per.ye 8} 

[*35°101] =efr (2) 
Ε. (1). (2). 3. Prop 


The following proposition is a lemma for *112°158, which is required for 
#11216. *112°16 in turn is used in #11217, which is a fundamental proposi- 
tion in the theory of addition. 

4112-152, ΕἸ Tel Cla. SCOT. 9. (PIT. J B=e J (LR) 

Dem. 

Εν 437-6. #85°601. DF.( TIT.) “e [B= Βί(χν).γεβ. ΒΞ Τρ 486}. 6 
Ε. (1). κὅδ01. 9 


Γ:Ηρ.3.(71 T.)*e TR=Ri(qy)-ye 8. R=(I"y) | (Lep)} 


[437-11] = Ray) .yeR-R=(Ty) | ἀπ βὴ 
[438-131] = | (THR) (28) 
[*85°601] =e] (TB): D+. Prop 


In the following proposition, we have a double correlator of a sort which 


will frequently occur in cardinal arithmetic, namely 7'|| ΤῈ with its converse 
domain limited, where 7’ is a given double correlator (or single correlator, on 
other occasions), As appears from the propositions used in the above proof of 
#112°152, if 7 1s a correlator whose converse domain meludes 8 and has y as 
a member, (7'|| T.)(y | 8) =(T*y) | (£8). Thus ΤΊ! ΤΊ isan operation which, 
when operating on suitable relations of individuals to classes (including selec- 
tors), turns the individuals into their correlates and the classes into the classes 
of their members’ correlates, This is why it is a useful relation. 


4112153. Τ εκ ξπὶ HA. D. (TI ΤῸ 8'ε [Ae (e 7“ κ) Sm SH (e J“) 


Dem. 
Γ.112:16]..κ414844.. 9 Ε΄. DMs [ASD (ef a). 9.1“ TA=A(e fa). 


[κ69.41.48] Dh. sDsfe T= ϑλ. 9 9 λα χὰ () 
Εν (1).Κ1111.κ87.281. 2 :Ὴ}.3.5. Ὀζὰ CAT. ἐς 7 (7, (2) 
Εν ἈΠΤῚ.. 7129. Db:Hp.d. ΤΊ 9 Θέ rel 1 (3) 
be¥11L11.(1). Dh:Hp.d. ΤΙ ssc ]rXel 1 (4) 
f .(2). (8). (4) . 74775 SELMA, Te ΤΟ 861“ 

. . 5). (4). κακαὶ 59 κα 2Γ1ΗΡ-.9.(1} ΤῸ} 8 εἰ rNelol (5) 
Εν 48.802. Dh. sf [ACA | Le) (6) 
b. #112152. +: Hp. 9.(1} Poe Tn se JPEN, 

[¥37-11] D (P| Teee Jn =e JOTEN 
[¥111-1.Hp] =e [x (7) 


Ε. (δ). (6). (7). #11114. D4. Prop 
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*11216. FixesmsmaA.d.eTesmeme [A [#112153 . 111-4] 


#11217. Fsesmsma. 3. =Ne%& = ΣΝοίλ. Σκ δὴ LX 
Dem. 
F #11216 .4111-44.5b: Hp. >. se [sm ste J (1) 
F.(1).#1121-101. 34. Prop 


#11218. |. 2No‘%« = INefe [“« 


Dem. 
Γι. #8561. #11215. 36. fe 7 “κεῖσ Ν οί JK (1) 
Εν. (1). #11212. #10034. Ε. Prop 


#1122. F:Sel a1. DSse]%e.d8=e[Oa.qiaCrp(Oa. 
>. Σ ΝΟ ==TNe%r. Σ΄ κ 8 TX 
Dem. 
F. #111311. *85°61.5+: Hp. 3. sfe Te smste TA (1) 
Εν. (1). ΚΠΦΤΊΟΙ 9 . Prop 


Ἀ11221. Ε1. Multax.3:(qS).Sel~+1.SGsm.DS=e]%%. TSHeTr, 
=.e]xesmsme [A [91115 . 5ε85.81] 


Ἀ112.22. [F:.Multax. Diqi(e [‘'x)sm(e “Aa Ri'sm.). 
ENo'n=ENeAr [¥112-17-18-21] 


#11223. Ε- Multax.D:«,X¢Cleexcl. ἢ 1 κ τα ἃ ὦ Ri‘'sm,. >. 
8δ'κιϑ'λ εΣ Νοίκ, ΣΝοίκ = ΣΝολ 


Dem. 
ΠΕ. 411915.2: Hp.x,r¢Cls'excl. 3.8 εσ Νοίκ. «sre SNA (1) 
b.¥l1151.5;Hp(1). ἢ ἔκ Τα ἃ ὁ Rifsm.d.s%esms% (2) 


Εν (1). (2).Db. Prop 


#112231. +: δ εκ ξ ἃ ὦ Ἀ] θὰ. 3. ε7 5} Cnv'e] e(e] x) smi(e] A) ὦ Ri‘sm 
Dem. 
F.*73°63 .485°601 . Db: Sexsmr.Dd.c]{S|Cnuv'e] ele] “x)sm(elr) (1) 


Εν #85601. #733834. +: SGsm.2.]|S|Cnv‘e] Gam (2) 
Ε.(1).(2). DF: 8 εκξαϊλο Ri‘sm.D.¢]|S|Cav‘e] e(e] x) smi (e] A) 9 Ri‘sm : 
D+. Prop 


*112-24, Ε:. Multax.D:y,veNC.«nrepnClhv.d.2Ne% = ZNor 
Dem. 
ΓΙ #11152. bip,veNC.xnr.euaCly.>.qixsmarn Rism, 
[¥112-231] 5... (eT κγετδί(ε TA) oRiem (1) 
Εν (1). «11151. ¥85°61.3 
Fs. Multax.Ddiy,veNC.xn,r(eunCly.d.s%e]“xsms'e TX. 
[#112'101] >. =Ne% = TNeAr:. DF. Prop 
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41123.  b. DAs A [487-29 . 40°21. 112-1] 
#112301. Ε.Σ ΛΞ ΔΛ 


Dem. 
Ε, #112102. DF. SU A=R ((qa,e).aevA.cea.R=alal 
[%51-15] =Ri(qc).ceA.R=21 A} 
[κ24.15] =A... Prop 
4112302, b. Se = Σι(κ -- (Δ) 
Dem. 


Ε. #112102. DF. Sae=Ri(qa,2).aex.ccea.R=alal 


[x10°24] = R{(qa,2).aex.qla.cea.R=alal 
[κ08:82] - R{(qa,0).acxe—-UN.cea.R=a] al 
[%112°102] τε Σ(κ -τ ΛΔ). D5. Prop 


Thus if A is ἃ member of ἃ class of classes, it does not affect the value 
of their arithmetical sum. 


#112308. Fix nA=A.D.EKRASTA=HA 


Dem. 
F.¥112°102.5 
bi Retent2r.=.(qa,8,0,y).aex.Ber.cea.yeR. R=ala=yl A. 
[*55°202] 2 .(Ga,2).aexnr.cen. 
[*24°5] D.qlenr (1) 
F.(1). Transp. >. Prop 
#112304. b: See Δ. Ξ. δ κτε ἡ 
Dem. 
F . #1123301. #53°24.DbisKe=A.D. See A (1) 
F.#112°102. ϑΕιαεκιῶεα. 3. αὐἱ aed: 
[Κ1094..4011] Dhigqts«.d.qi de (2) 
F.(1).(2). 35. Prop 
“11231. Fd vA) = Σίκυ BX 
Dem. 
F.ell21. 5b. (eva) ste T(x Ur) 
[*40°31] = sfe Tx vu se Ur 
[*112°1] Ξε Σίκυ ZA.DF. Prop 


*112Z311. bixa d= A.D. ENo(« vr) = ENee +, ZNCA 
Dem. 


F. #112308. *110°32.3 
bt: Hp.>. Ne (‘eu 3A) = ΝΟΣ ἐκ +, ΝΟΣ 
(%112°101] = SNe‘ +, ZNotAr (1) 


Ε,(1). #11231. DF. Prop 
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#11232, F.EuaseJa 


Dem. 
F.#53'31. #121. Db. Stfa=site Ta 
[682] =eJa.+.Prop 
#112321. Ε. ΣΝοίια = Neve [Κ11 2.852 101. *85°601] 


#11233, ΕἸΣ (αν β) αν ε 1 A [¥ll23231] 
#112381. ΕΣ κὺ μβ)αΣκυ εἰ β [#1123132] 


#11234. Ε:αἘ.32. ΣΝοίαν eB) Ξ-  Νοία τ Nes 
Dem, 
Εν. 1.281. 112.311. 9 
Ε:ΗΡ.32. ΣΝοί(ίαν 8) = Σ Νοίιία +, SNe 8 
[¥112:321] =Nefa+, Νοῖβ : D+. Prop 
This proposition establishes the agreement of the two definitions of 
addition, namely that in «110 and that in «112, It will be seen that the 
definition of *112 is inapplicable to the addition of a class to itself, if this 
is to give the double of the class, instead of (like logical addition) simply 
reproducing the class. Hence the need of the condition a+ in the above 
proposition. 


#112341. ΕἸ Grex. 2. ΣΝοίκυ t'8) = ΣΝ οί +, Νοῖβ 


Dem. 

Εν Κ61211. ΞΕ: Hp.d.ent B=. 

{*112°311] D>. UNe(«v uA) = ENekK« +, ZNot'B 
f*112°321] = ΣΙΝ οί κ +, Ne‘@: d+. Prop 


#11235, biatB.aty. Bty.d.ENo(taulBury)=Neat+NeB+Ney 
Dem. 
b.#51'231 . #112311 .5 
tr Hp. >. ΣΝε(μαν μβν fy) = ΣΝοίζίαν UB) Ἐς ZNel'y 
[¥%112°34°321] = Ne‘a+, Ne‘8 +, Ne‘y: 3 F. Prop 
Similar propositions can obviously be proved for any finite number of 
summands, 


41124. bs sx, 8""e Cls?excl. 3. ΣΝ οί = Ne‘ 


Dem. 
F.¥l1215.3t:Hp.2. SNets« = Nefs's'« 
[42°1] = Ne'fs‘s“« 
[e112°15} | = INe's«: D+. Prop 
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11241. Ε..Σ = Ss 


Dem. 
Fe ell21. Db. saa soe JOO 
[χ421] = 83 ε {““λ 
[*40°38] = ste 16., 
[Κ112.1] = Σϑλ. DE. Prop 
#11242. b:rCleexcl. 2. 2A ε Cls’ excl 
Dem. 
Ε. #112303. 3b:.reClstexcl. 9: Byer. Bey. Igy SA nLy=A: 
("30°37 .Transp.*37 63] DipvelAX.pwtv.d,,-unv=A: 
[κ84.1] 3:2" Clsexcl :. +. Prop 
#11243. F:reClstexcl. D. ΝΟΣ SA = ΝΟΣ, 
Dem. 
F.¥11215-42.3F:Hp.d. ΝΟΕΙ͂Σ Σ" ἃ = Nols 
[¥112°41] = NefS‘s'A : DF. Prop 


The above is the associative law for arithmetical addition. 


*113. ON THE ARITHMETICAL PRODUCT OF TWO CLASSES 
OR OF TWO CARDINALS 


Summary of *118. 


{n this number, we give a definition of multiplication which can be 
extended to any finite number of factors, but not to an infinite number of 
factors. We define first the arithmetical class-product of two classes a and 8, 
and thence the product of two cardinals μ and v as the number of terms in the 
product of a and 8 when a has μ terms and 8 has ν terms. In *114, we shall 
give a definition of multiplication which is not restricted to a finite number 
of factors. The advantages of the definition to be given m this number-are, 
that it does not require the factors to be of the same type, and that it enables 
us to multiply a class by itself without (as in logical addition and multiplica- 
tion) simply reproducing the class in question. The disadvantage of the 
definition in this number is the impossibility of extending it to an infinite 
number of factors. 


The arithmetical class-product of two classes a and 8, which we denote by 
8 xa*, is the class of all ordinal couples which take their referent from a and 
their relatum from £, 1.6. it is the class of all such relations as ὦ | y, where 
zeaand ye. For a given y, the class of couples we obtain is | ya, which 
is similar to a; and the number of such classes, for varying y, 1s Ne‘f. Thus 
we have Nc‘@ classes of Ne‘a couples, and 8 xa is the logical sum of these 
classes of couples. The class of such classes as | ya, where y ¢ @, is important 
again in connection with exponentiation; we have | y“a= a | y, whence the 


class of such classes, when y is varied among the ’s, is a | “8, and 
33 
Bxa=s'al“B (cf *40°7), 
33 
which we take as the definition of 8 x a 


‘We represent the arithmetical product of μ and ν by w x,v. This, as well 
as Ne‘a x, Nc‘Q, is defined in terms of a x 8 exactly as, in #110, the sum was 
defined in terms of a+ 8. 


The present number contains many propositions which belong to the theory 
of a ὶ “8 rather than (specially) of 8 x a; and many propositions are rather 


logical than arithmetical in their nature, i.e. they might have been given in 

*55. The line is, however, so hard to draw that it has seemed better to deal 

simultaneously with all propositions on a | “8 or on its sum, which is 8 x a. 
32 


Thus in the present number, the early propositions, down to *113°118, deal 
mainly with logical properties of a J (8 and 8 x a; the following propositions, 
2 


* We define this as 8 x a, rather than ax 8, for the sake of certain analogies with products in 
relation-arithmetic. Cf. «166. 


102 CARDINAL ARITHMETIC [PART II 


down to *113'13, deal mainly with arithmetical properties of a ͵ “8; the pro- 
positions #113°14—191 are concerned mainly with arithmetical properties of 
8x a; *113°2—27 deal with the simpler properties of u x, v; #113-3—34 give 
propositions involving the multiplicative axiom, and exhibiting the connection 
(assuming this axiom) of addition and multiplication; *113°-4—491 are con- 
cerned with various forms of the distributive law; *113:5—541 deal with the 
associative law of multiplication, and the remaining propositions deal with 
multiplication by 0 or 1 or 2. 

The most important propositions in the present number are the following: 
#113101. Ε: ReSxa.=.(qay).cea.yeB. Realy 

This merely embodies the definition of @ x a. 
#113:105. Kiqta.d.afel—l 

This proposition is especially useful in dealing with exponentiation (#116). 
*113-114. Fkna=A.v.B=A:=.8xa=A 

It is in virtue of this proposition that a product of a finite number of factors 
only vanishes when one of its factors vanishes. 
*113-:118. F.sD(B xa)Ca.sA(BxalCB 

This proposition is chiefly useful in the analogous theory of ordinal products 
(*165, #166), where it enables us to apply *74°773. Unless @= A, we have 
s‘D“(8 x a) =a, and unless a= A, 5! ((β x a)= 8 (*113°116). 
#11312. Fiqta.d.a L “Be NofB an Cl excl"Ne‘a 


1.6. unless a is null, a | “8 consists of Ne‘@ mutually exclusive classes each 
having Ne‘a members. " 
#113127. Ε: Β΄ γε α βιὰ γ. ΚΓ δεβξι ὃ... 
(BI SPO xy) e(al “A) Ram (y | 8) 
This is an important proposition, since it gives a double correlator of a ὶ “8 
with 4 “ἐδ whenever simple correlators of a with y and of 8 with ὃ are given. 


It leads at once to 
*113-13. F:asmy.@smé.3.a] “Ssmsmy] “S.(8 x a)sm (8 x γ) 


This proposition is fundamental in the theory of multiplication, since it 
shows that the number of members of @ x a depends only upon the numbers 
of members of a and @. It is also fundamental in the theory of exponentiation, 
as will appear in *116. 

*113-141, |. Noa x 8) =Ne(8 x a) 

This is the source of the commutative law of multiplication (#113-27). 
#113146. Frat @.3.ax Bsm ea(t'a vB) 

This connects our present theory of multiplication with the theory of 
selections. 


SECTION Β] ON THE ARITHMETICAL PRODUCT OF TWO CLASSES 103 


We come next to propositions concerning μ᾿ x,v. We have 
#113-204. br. u=A.Viv=A.vin(uveNC): 3.x, vaA 

The use of this proposition, like that of *110-4, is for avoiding trivial 
exceptions. 

#*113-23. +. wx ,veNC 
#11325. |. Ney x, Ne“d = Ne“(y x δ) 

This proposition enables us to infer propositions on products of cardinals 
from propositions on products of classes, and is therefore constantly used. 
#11327. Fipxpvevxip 

This is the commutative law of cardinal multiplication. 

The chief proposition using the multiplicative axiom is 
#113:31. F:.Multax.DipveNC.xcevnCl wid. Seem xev 

1.4. assuming the multiplicative axiom, the sum of the numbers of members 
in ν classes of » terms is μὶ x,v. If we had taken this sum as defining yp x, ν 
almost all propositions on multiplication would have required the multiplica- 
tive axiom. The advantage of a | “ is that, given asm y and sm 6, we can 

33 
construct a double correlator of a | “8 with y | “8, without using the multi- 
33 32 
plicative axiom, This is proved in Ἀ118:127 (mentioned above). 
The distributive law, which is next considered, has various forms. We 
have, to begin with, 
"1134. F.(Buy)xa=(8 x α)ν (γ xa) 
whence, using also the commutative law, we easily deduce 
#113-43, ΕΓ (ν +5) Xo MSM XQ (V9 7) = (μ χε V) Ho (Me Xe) 
But the distributive law also holds when, instead of enumerated summands 


8, y or v, τσ, the summands are given as the members of a class «, which may 
be infinite. We have 


*113°48. |. sfax “e=a x sfx = Cnv“{(s%) x a} 
whence, using the definitions of *112, we find 
*113-491. Ε: κα Cls’excl. 9. ENe‘a x“« = Ne(a x Sx) = Νοία x, 2Ne‘« 

This is an extension of the distributive law to the case where the number 
of summands may be infinite. 

The associative law 
#11354. +.(ux,v)xX,o =UX,(v x, σα) 
is proved without any difficulty. 

We prove next that « x,y=0 when, and only when, »=0 or v=9, μὲν 
being existent cardinals (*113°602); that a cardinal is unchanged when it 
is multiplied by 1 (*118°62°621); that μι x,2=p+ 54 (#11366) and that 
μ' Χοίν Ἔς LY = (μ XV) Ho we (#119°671). . 
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#11302. Bxa= stat «8 Df 


#11303. wx, v= E ((qa, 8). p=N cla.v=N c'8.E&sm(axf)} Df 
*113:04. Ne‘8x,u=N.c'8x,n Df 
*113°05. »x,Ne‘a=yx,N,cfa Df 

In relation to types, *113:03°04-05 call for similar remarks to those made 
in *110 for addition. 


#1131, +. Bxa=sal “a [(#113-02)] 
#113101. fF: ReBxa.=.(qz,y).vcea.yeB.R=aly ([x407.#1191] 
#113102. Fi:ye8.>. af y=(at Batty 
Dem. |+.#*35108.5b:. Hp. d:a(at P)y.=.cea: 

(x85°51] Di(at A)stity =] ya 

[(*38°03)] =a ὶ yi. Prop 
#113108. Ε.α} “βία A) eB= (aT A) [MA [#118102 . 485'52] 
#113104. +. Elal y [38°12] 
#118105. Fig !a.d.afel—l 


Dem. 
F.4#113-104.*71:166. 2 Ε.αὦΨ εἸ - 0]8 (1) 
33 


Γ.Ἀ58181., 5 Ετα ἐ yaa 2. “εα.. αὐ γεαὶ . 
[38.181] >.(qv).vea.cly=a 2. 
[55-202] D.y=z (2) 
F.(2).*101123°35. Ib iqta.aly=al‘%.d.y=e (3) 
F.(1).(3). #7154. Db. Prop 
*113'106. F:wea.yeB.d.a];yeBxa [#113101] 
*113-107. Fi:qla.qi@.d.qiBxa [*113°106] 
#11311. Figqta.d.af “BeNcBi(y).al yeNeva 

Dem. + .#*113:105'104.*%73:26.>b:qla.>. αὐ “8 sm 8 (1) 

b.*38-2.4#73°611 . Dr. at ysm a (2) 

F.(1).(2). >. Prop 
Ε 
Ε 


Ἀ118.111,. Ε΄ αἱ “Be ΟἸ8ξ excl [*113°103 . *85°55] 


*113°112. [ἀπ A. GIB. D.al “ΒΞ λ 
3 
Dem. F.#383. 3b: Hp.d.al “B=Bi(qy)-yeBew=hy“A} 


[*37°29] =H{(qy).yeR.p=A} 
[Hp] ΞΔ 


SECTION B] 
#*113°113. 


#113°114, 
#113°115. 


Dem. 


*113°116. 


*113-117. 


*L13-118. 


*113°12. 


#113121. 


*113'122. 


*113°123. 


#113124. 


Dem. 
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FsB=A.d.al “Baa [*37°29] 
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Fs.a=A.v.Baa 
F.&(Bxa=aft Zp 


:=.8xa=A  [#113-1-112°113:107 . 453-24] 


F. #113101 .*41-11.3 
Fru {s(8 xajtu.=.(qh,a,y).cea-yeS. R=aly.uRv, 


[*13°195.%55°13] =.(qa,y) wea. yeR.u=av.v=y. 
[*13°22] =.uea.vef. 
[*35°103] =.u(af Pjur db. Prop 


Fiqi@.3.*D(Bxa=arqia.d.sA(Bxa=B 
[x1 13-115 . *41°43°44 . κ3 δ᾽ 8886] 


Fra=A.v.B=A:3.8SD(Bxa=A.s1(8 xa=A 
[¥113-115 . #414344 . #3588] 


Ε. 9 Ὁ 4(β x a) Ca.s1"(8 xa)CB [4113116117] 
Fiqta.d.al “BeNe'BanClexcl*‘Ne‘a [#1131111] 
32 


be. Sal “Bsm8xa [¥112°15 . #1131111] 
32 


ΕΞ Rhy, ShdeClsol.y CUR. δ (.5.3. (RIS) MS xy) e131 
[«74°778 113-118] 
Ε: Rp y, SP del—>Cls.yCA‘R.SCAS.zey.wed.>. 
(RI γι | w) = (Re) | (Sw) [55°61] 
b: Rhy, SPSel—>Cls.yCQR.8CAS.wed.>. 
(Β1 Sy fw = (Rey) | (Se) 


+. #113128 .488°181. 2 ΕἸ Hp. >. (RIS) | wy = | (Sw) Ry. 


[*38°2] 


*113°125. 


*113°126. 


Dem. 


ΓΕ. #1131. 4038.56 .(R| sys xy) =s(R || ΩΣ “ὃ 


..(Ε} δ) w=(Riy) J (Stw): D+. Prop 


b:Rpy, SP δὲ] -Ὁ ΟἹ. yCOR. δα 6.5.5. 
(Ε] ὅγε γ | B= (6). (S68) [Κ118124] 


ΕἸ Hp 113125. >. (Rll S)(8 x y) = (8:8) x (Ry) 


(1) 


b.(1).#113125. Dk: Hp. >. (Bi S\(8 x 7) =8(Riy) 1 (88) 


(*113-1} 


= (S88) x (Ry): DE. Prop 
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#113°127. 


#*113°128. 


#11313. 


#*113-14. 
*113°141. 


*113°142, 
Dem. 


*113'143. 


Dem. 


*113-144. 


Dem. 


Γ.. 21.238. 
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F:Rfyeasmy.SfdeR8sms.d. 
(BI S)P(S xy) e(a.| <8) ἐπα wT (γ | “ὃ) 
[4#113°122°125 . 443-302 . #73°142 . 111-14] 
ts Hp 113-127 .3.(RI|S)P (8x7) ε(β x a) ἐπα (Bx 4)- 

(ΚΙ ΟΣ: “dye (af 8) sii (yt §) [119-127 . *11115] 
Fiasmy.8smé. 3. α ὦ. “Ssmsmy{ “ὃ. (8 x a)sm (6 x γ) 
[x113°127 111-444. #1131] 
biax@=Cnv(Bxa) [Κ1181101. 55°14] 

Fe Ne{axP)y=Ne(8xa) [#113°14.%73°4] 
big if.d.D“(Bxa=tarqlia.d.0%B xa=1"8 


Εν κ55.26]1. 22. DkryeRB.d.D“al y=ta 
3223 


[*37°63] Drive Da | (B.D.y=ta (1) 
F.x37°45 . DhigtB.d.qiD*al“e (2) 
F.(1).(2).*51141.3:q 18.2. Dia |B = ofthe . 
[*40°38.*53-02 | >. D's'a | “βεια (3) 
F.*55°251. Dhigta.d. Cab πιά. 

[*37°355] >. Tal B= u's, 
[#40°38.4%53'22 | >. ad ‘sta 4 “B=1"B (4) 


. (8). (4). #1131. 3+. Prop 


FiatS.P=ely.-R=alavy]f.>. 
P=(Ra) | (RB). R=DP Fav P FB 


Ε. δ 62, ΞΕ: Η͂Ρ.9. απ. βε. 


[*30°19.#%13°15] >. P=(Ra) | (RP) (1) 
. 5515. Ε: ΗΡ. 2. ΡΞ. Paty. 
[*55°1] >.R=D‘Pf tau dP F's (2) 


F.(1). (2). 5+. Prop 


brat@.T=PR((qo,y).cea.yeR.P=aly.R=xlavyl 8}. 
>.Tel—+1.D'T=8 xa. OT =ea(t'a v U8) 


at: Hp.d: 


PTR. QTR. .(q2,4,2,w).2,2ea.y,weB.P=e2ly.Q=z]wu. 


R=elavylB=zlavwfA. 
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[¥113'143] 9. P= (Ra) | (R68). Q=(R) | (RP). 

[*¥13:172] 3.P=Q (1) 

F.*2133.3t:.Hp.3:P7Q.PTR.D. 

(πα, ¥,2,w).m,2ea-.y,weB.P=aly=wlz.Q=clavy] β. πε αυωΐβ. 

[¥113'143]3.Q=D°P ft ifaudPtcB.R=DPtraudP tie. 

[*13-'172] 3.Q=R (2) 

F.*3313.5+:Hp.d. 

D'T=P (qk, a,y).cea.yeR»-P=ely.Razlavy|p} 
β 


(q2,y).vea.yeB.P=ar]y} 
χα (3) 


Ι 


[#11-55.%13-19] 
[¥113°101] = 
+. #33131. >:Hp.>. 


GT=R(qP,a,y).cca.ye8.P=aly.R=aclavy| B} 
[¥11°55.#13°19] =Ri(qe,y).vea.yeR.R=alavy |p} 
[*80°9] = εδι (αν 48) (4) 
Ε.(). (2). (8).(4Ὁ. DF. Prop 
Note to #113:144. In virtue of *113'143 and *55°61 we have 
bs. Hp¥113144.9:PTR.=. Rees(u'ave'B).P=(Ri yal 8. 
At a later stage (in #150) we shall put 
R+S=(R| RS De. 
Thus we shall have, anticipating this notation, 
F: Hp *113:144.5.7T={+(a]l β}}} δαί αν 8). 
Hence we have 
Frat B.D. {tal By} ᾿ εαἰία υ v8) ε(β x a) Sm ea(t'a v LB). 
#113145. Frat @.>.8xasmes(tave's) [#119144] 
118-146, Frat8.D.ax Bsmea(i'aues) [113141145] 


#113-147. F: Hp #l13144.8xa=p.5. 
T=PR{(Pep.R=D'Ph sD pod ΡΊ isp} 


Dem. 
F. #113114. Transp. D+: Hp.Pep.d.qia.qif. 
[#113-142.%53-22] 5.α- 9 pu. B= sp (1) 
t.*113-101148. 3b: Hp. Pew. d:PTR.=.R=D' PT αν PTB (2) 
F. *113°'144. It: Hp.PTR.D.Pep (3) 


F.(1). (2). (3). #113-101. 9 Ε΄ Prop 
The advantage of this proposition is that it exhibits the correlator of 8 x a 
and e4“(t‘a v £68) as a function of 8 x a. 
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#113148. Fran B=A.3.Ch@x Pyell 
Dem. 
+. #113101 .%*55'15.3 
ti Hp.3:RSeaxS8.CR=CS.=. 
(qa,a,y,y).a,a ca.y,YeB πεν λα, δα le «ἀν τειν ν΄. 
[64] > .(qz,0,y,y).acea.y,yeB R=yleS=y la van yay’. 
[*13-22172] >. R=8 (1) 
F.(1).*7155.96F. Prop 


#11315. +. C (ax B)=C%(B x a) =F (qo, y) cea yeR.E= Uru ty} 


Dem. 
Ε. ἈΠΞ5Ὶ.. 40°38. DF. 0“ (β x a) = s'Oa | “8 
[+404] =F iay).yeB.beCtal y) 
[455 °27.438'2] =El(qa,y).cea.yeB.E=ucveyt Ὁ) 
yee DF. O(ax β) -Ὦ [ὦ γὺ))ι Φεαι ψεβιξἕτιν μὰ (2) 


Ε.(1).(2).3Ὲ. Prop 

#113-161. Fiat 8.3.C(ax B)=Des(t'av 8) [4113-15 . 8092] 

#113152. FianB=A.>.C(ax B)sm(ax 8). D“ea(t'a v t*8) sm (a x β) 
Dem. 


F.*84'4162.3+:Hp.a+t8.3. D‘ea"(t%a υ 8) sm eg“(tfa v 148} (1) 
F.(1).#113-146151. > 
t:Hp.atf.9.C“(a x B)sm(a x β). Dé‘ea“(t'a v 68) 8m (a x 8) (2) 


b.#24°38 DF: Hp.a=8.3.a=A.8=A. 
[4119°114.483'11.437-29] D.iaxP=A.D esta viiB)=A.C(axP)=A. 
[#7 3°47] >. C“(ax B)sm (ax 8). D“es(efavefB)sm(ax PB) (3) 
F.(2).(3). 5+. Prop 

The following proposition is only significant when Ἃ and y are classes of 
relations. It is used in relation-arithmetic (*172°34). 
#113-153, Fs ASY=A.D.8/ChAxp)e(sr up) SM(A Xp). SAU SMA x w 

33 32 

Dem. 
b.k55'15 .k5313. DF: R=HTIS.3.8&CR=SUT (1) 
F.(1).#113-101.> 
bi Rh, Rexx. SOR =HOR'.D, 

(qS,8',7,7').8,S’ed.7,Tep -R=TIS.RaT IS’ .SvuT=S eT" (2) 
F . (2). *25°48 . κ4118. 9 

ΕΣ ΗΡ. 9: ἰ Rerxp.sOR=ECR .D.R=R (8) 
Ε. (1). ἘΠΘΟΙ.. 9. ἐκ “0 x μὴ) ἢ [((ᾳ8, Τ). εχ. Τεμ. M=SvuT} 
[40-7] =s%r υ “ἐμ (4) 
3 

Ε. (8). (4). #78-25 +. Prop 
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#11316. Fs ta=t'8.>.Ne(ax β)- 
E (ary, 8) «ye Nicta. ὃ ε NeiB yn d=A. Esm DMea"(u'y v (6 δ}} 


Dem. 
Εν #119152. 9 τι yeNeia.SeNickB.ynd=A.D: 
Esm Dé‘eg“(t'y v tO). =. Esm(y x δ). 
[*113°13.%104-101] = .&sm(ax β). 
[%100°31] = .£e Nea x §) (1) 


Ἐ.(4). #5°32. #11:11341.5 
Fi. (qy, 5). ye Nicfa Se Νιοβ. γα ὃτε Δ. ἔβη D“eg(i'y vt). =: 
(ay, 8).ye Νιοία. Se Νιοβ. γα δελ. Ee Νοίαχ B): 


[11°45] =:(qy,5).ye Neca. ὃ ε Ne%B.ynd=A: Fe Ne(a x B) (2) 
F (2). #10443 .5F. Prop 
#11317. FF. xaett (at 8) 
Dem. 
b.el13115 44113. 3b: ReBxa.d.RGatZ. 
[64-201] >. Ret(af 8) (1) 


F.(1).*63'5. 35. Prop 
#113171. Fran B=A.9.q1Ne(ta)(ax 8) 
Dem. 


b.#113°152'15.5 t:sHp.>.£((qz,y) wea yes E=ieury} eNe(axB) (1) 
F.x5116. Deivea.yeS.E=tevutty.d.vcea.cek, 


[*63°13] >. Feta (2) 
Εν (2) «#111135 .D 

re E((qa,y).cea.yeB.E=tav ity} Cta. 
[*63'5] DF. E((qa,y). ea. ψεβιξιειων tty} etta (3) 
F.(1).(8). 3+: Hp.d.qiNe(ax 8) nit fa (4) 
F.(4).#102°6.>+.Prop 


Note that the hypothesis an @= A is only significant when a and 8 are of 
the same type. 


#113172. FiacetB.d.q I Ne (t*a)(a x A) 
Dem. 
F.#*113-16. Dt:rHp. diye Nea. δὲΝιοβ., γ δε λ.2. 
Ὀ“εμ( ν td) e Ne(ax β) (1) 
Ε. (1). #10443. DF:Hp.>. 
(1, ὃ). ye Νιοία. δὲ Nie6B. DX eg (ey v 068) ὲ Ne“(ax 8) (2) 
F.#1041. DErye Nea. Dd. yet a. 


[*63°61°621] DitiyurSet Ga. 
[*83'81] Ὁ. Deg (tly v 00) εἰ a (3) 
F.(2).(3). DF: Hp. d. qt Ne(a x 8) nttta (4) 


F. (4).#102°6 . DF. Prop 
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4113-18. Fiqla.q!i®.axB=a'xf’'.d.a=a. P=’ 
Dem. 
F.#113114.5+:Hp.d.qia xf. 


[4113-114] D.qia.qie’ (1) 
b.*3037. Dk:Hp.d.s*1“(a x @)=sI(a' x f’). 
[#113°'142.(1)] 2. sftas sua’. 
[53°22] >.a=a (2) 
Similarly t:Hp.>.8=8' (3) 
F .(2).(3). 3+. Prop 

#113181. F:qia.qiad.axB=ax@’.3>.8=—' 

Dem. 

be Ἀ18172. ΞΕ: BHA. BP RA.D.B =f (1) 
F.#*11318.3+:Hp.~(B=A.’=A).3.8 =f (2) 
F.(1).(2). 3+. Prop 


#113182. Fi qIB.qiP’.axB=a'xf’.d.a=a' 
[Proof as in *113°181] 


#113-183. Fi qia.qif.d.F (ax B)=sC(ax βξαν β 
Dem. 
b.*40'57. DF .sfO(ax β)- 950) “(ἃ x B)usd(axB) (1) 


Ε. 4056, Dh. (ax B)=s'C“(a x B) (2) 
F.*113:142.5F: Hp... sax B) = sta 
[68:99] =a (3) 
Ε. #113142. 3+: Hp. 9.90 “(α χ B)=st"B 
[453-22] =f (4) 


r.(3).(4). DF: Hp.d.s8D*(ax B) uv «Τὰ  βῆήτεαν ΓΙ (δ) 
Ε.(4). (2). (ὅ). DF. Prop 


#11319. Fiqti(axP)a(yxd).=.qlany.qi Bad 


Dem. 
Ε.118.101.9 τι τ(α Χ B)a(yx8).=: 
(qa, y,2,w).cea.yeBazey.wed.cly=wlz: 
[*55°202] =: (qa,y,2,w). cea. yeR.zey.wed.Usz.y=w: 
[18:22] =:(qa,y).ceany.ye Bonds. Db. Prop 


ἈΠῚ18191. Fi.qta.d:qlal “Bnal “y.=.q! Bay 
3 33 
Dem. 
F.#876. 5 τα τὰ 1 “Banal “y.=.(ay2)-yeB-cey.aly=alz (1) 
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Ε.ἈΠ181056. #7157. 9 Ft. Hp. 9τα  γπαν. ~Y=Bi 

[(1}]} Diglal “anal y.=.(qy,2).yeR.zey.y=é- 
[%*13°195] =.qlan8:.Dt. Prop 


#1132. bFikewx,v.s.(qa, β). p= Ncia.v=N cos. &sm (ax β) 
[(*113°03)] 


#113201. F:.feux,v.=iy,veNC:(qa,8).aeu.Bev.&sm (ax β) 
[*113-2 . *103-27] 


*113-'202. "τ Fey x, v.=:qle.gqiv:(qy, 6). =Nevy.v=No'd. Esm(yx δ) 
Dem. 
F. #113201 . «1004.3 


FieEewx ve =i (qa, β,γ, δ). μπ Ney. v=NeS.acu.Bev.&sm (ax). 


[*100°31} =:(qa,8,7,8)-4 = Ne‘y.v=NeS.asmy.8smé.&sm(a x §). 
[#113°13 .*73°37] = : (qa,B,y,8) .p=Nefy.v = NeS.asm y. 8smd.£sm(yx6). 
[*100°31] =:(qa,8,7,6).~=Ne'y.v=NeS.aepn.fev.Esm(yx8d). 
[*10°35] H:qipv.qiv:(qy,6)-p=Ne'y.v=NeS.Esm(yx 8): 
a+. Prop 
*113:203. Ε:Ή ἐμ xv. D-pveNC—t'A.pveNC (*113-201°202:2} 


#113-204. Fi. = A.viv=A.vin(yveNC): 3.4 x, p=A [113-203] 
#*113:'205. Ε:τυίμνε ΝΟ). 9 4x, v=HA [*113°203] 


#11321 bipjveNC.d: Feu x,v.=.(qa,8).aen.Bev.&sm (ax) 
[*113-201] 


#11322. F:&e Ne (m)*y x, Νοί(ζ) "ὃ. ΞΞ. ἢ 1 Ne(m)*y. ἢ ὃ Ne (0)8.Esm (yx δ) 
Dem. 
b. #11321 .*100°41.. DF: Ee Ne()*y x, Νε (ζῶ ὃ.Ξ. 
(qa, 8).aeNe(n)*y. Be Ne (6). Esm(ax β). 
. (qa, 8) .aeNe(n)*y.BeNc(l)b.asmy.8sm6.Fsm(axf). 
(πα, 8).aeNe(n)*y.BeNc(f)S.asmy.@sm6d. Esm(y x δ). 
. (qa, 8). ae Ne (4)*y. Be No (6)S. Esm (y x δ). 
qt Ne(n)y.q!Ne(o)S. Esm(y x 6): DF. Prop 
#113221. Fi gq I Ne (n)*y.q 1 Ne(OS.5. Ne (ny x, Ne(0)6 = Ne‘(y x δ) 
[*113°22] 
#*113°222. ". Nyc“y x, N,cf6 = Ne“(y x 8) 
Dem. 


t . #108118 .DF.Nychy = Ne(y)"y. Νιο ὃ = No (83. qi Nooty. qt Nuc. 
[¥113-221] Dt.Nichy x, Νιοιδ = Ne(y x 6). 9. Prop 


[*102°6] 
[*113'13.*73°37] 
[*102°6] 
[10°35] 


| 1] 1 
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*113°23. F.wxiveNC 


Dem. 
F .#113°222 .*10041. 3 Fi p,veN.C.3.u4x, ve NC (1) 
F .#113°205 . #10274. 9 του (μ,ν ε NC). Dd. x,veNC (2) 
F.(1).(2). D+. Prop 
#113'24. Ε΄ Ne“y x, Nc‘d = ΝΟ x, Νιοδ  [(#113:04'05)] 


#11325. +. Nowy x,NeS=Ne(y xd) [#1124229] 

This proposition constitutes part of the reason for our definitions. It is 
obvious that such definitions ought, if possible, to be chosen as will yield this 
proposition. 

#113-251. Fig x Se Ne“y x, Νοιδ [#113°25.*100°3] 
#113-26. Fin, veNC.qism,“w.qismev.3. 4x, =sm, pe x,smev 


Dem. 
+.*37°29. Transp. D+: Hp.d.qip.qtv. 
[*102°64] > . (qa, B,y,8). w= Ne(a)'y. v= Ne(8)8 (1) 


+. #10288. DF: 4=Ne(a)fy.v=Ne(6)S.q!sm,“u. qismev. 9. 
sm,“ = Ne (y)‘y . smev = Ne (ζ) ὃ. Tq! Ne(n)fy. qi Ne(g)s. 
[#113°221] >. sm,“u x, βίης y= Ne(y x ὃ) (2) 
+ .*37°29. Transp . #113:221.5 
ΕΣ με Ne(a)y.v=Ne(@)‘8.qism, "ἐμ. qismev.d.4x,y=Ne(yxd) (3) 
F.(2).(3)- Ibi g=Ne(a)y.v=Ne(6)8.q!sm,“u. q lsme“v. 2. 
eX v=sm,“ux,sme“y (4) 
F .(4) «1111-35-45 .(1). Db. Prop 
*#113-261. Fi pveNC. Dd. xp v= pw x,y = pri) XQ Yio = Cte. 

Here “ete.” includes all ascending derivatives of μι We shall only prove 
the result for «4 and vy, since it is proved in just the same way for the other 
cases. μὴ x,v or μι" Χρονιῳῷ or etc. will serve equally well; ae, it is not 
necessary to take the same derivative of » as of v. 


Dem. 
Ε. #104-264°265 . 9 
bt: Hp.qiav.qiv.d.p%=sm,“e.r% =sm,“p.qip?.qiv®. 
[*113'26] Die xXev=p xv QQ) 
F . #104264. #113204. 9 
bin(qip.gqiv).d.pxpoA.p x psa (2) 


F.(1).(2). DF. Prop 
As appears in the above proof, if μὲ and / are any derivatives of y and », 
the above proposition holds provided we have 
Qipnegqiv.dsqipi.qiv. 
Thus it holds for all ascending derivatives, but not always for descending 
derivatives. 
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*113-27. +, μ ΧΡ ΞΡ Xp 


Dem. 
b. ¥113-2141.5 
Βεξεμχον. =. (qa, 2). p=Noa.v= Nee. ἔβα (β xa). 
[5112] Ξ ξεν χιμ:ϑ . Prop 


Note that this proposition is not confined to the case in which » and ν are 
cardinals, When either or both are not cardinals, 


BXgvy=A=V Χμ. 


#1133. +: Multax.D:«e Ne‘ n ClNe'a. 9. See Ne‘a x, NeB 


Dem. 
b. #112-'24.%113°12.5 
bs. Multax.q!a.d:xeNeSAn Ci Nea. 9. Σέκ βιὰ Ba “B . 
[#113121] 2. Σίκβ β χα. 
[κ118141’98] Ὁ. Σίκ εἶΝΝοία x, ΝοΙβ (1) 
Ε. Ἀ11811428. ὁ Ετατ Δ... Νοία χ, Νεαβ Ξὸ (2) 
Ε. ΚΙΟΙ 14. 3b .a=A.weNefBn Ci Nea. Di xe Δ : 
[κ60.362] ϑικειλιν κτλ: 
[κ119.3.301] D:SKe=HA (3) 


Ε. (2). (3). 454102. ΞΕ τα Δ κε Νο  β αὶ ClNea.D. S'eeNciax,NeB (4) 
Εν (4). (4). 9+. Prop 
ἈΠ1551. Ε΄ Μυϊίαχ. μιν ΝΟ κὰν αὶ Ομ... Σίκεμ χεν [1183] 


Ἀ118.82, |+:.Multax.3:pveNC.xevnClexcl'p.3.seep x,y 
[*112°15 . *113°31-23] 
#11333. Ε:. Multax.3:p,veNC.xnevaClp.renn ον. 9. 
ENe‘« ==INcA=u xv [*113'31-27:23] 
#113'34. Ε: Multax.D:p,veNC.wevnClexcl'p.re mn Clexcly.9. 
| No‘s'c = Ne‘s'n= pe x—v [#1183227] 
The above propositions give the connection of addition and multiplication. 


The following propositions are concerned with various forms of the dis- 
tributive law. 


"1134. b.(Suy)xa=(8 xa)u(y xa) 


Dem. 
#181. 3b. (Buy) xa=sal “(Bvy) 
[*40°31] = sa | “8 vu sa J oy 
{*113-1] =(8xa)u(yxa).3b. Prop 


*118-401. bk: Bay=A.D.(8xa}n(yxa)=A [#113-19. Transp] 


R& Ἢ ΤΙ 8 
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¥113-41. +. Ne(@+-y) x,Ne‘a=Ne{(8+-y) x a} = Ne{(8 x a) +(y x @)} 
= Ne(8 x a) +, Ne(¥ x a) 
Dem. 
Ε.4118.2ὅ. 108. Dt. Ne(B +) x, Ne“a = Nel(8 +) x a} . 
Ne‘{(8 x a) +(yx@)}=Ne(8 xa)t+,Ne(y xa) (1) 


F.e1134.(x11001). DE.(B+y) xa=(lL Ae Bxa)u(Ag | “uyxa) (2) 
Ε.11818. 411012, Dh. ASB xasmBxa.Ag | “ifyxasmyxa (3) 
be #113401. 411011. DEC LA “UBxa)n(Ag | χα πε λ (4) 
F.#110°152.(2).(3).(4). DE. (B+) x asm {(8 x a)+(y x @)} (5) 


F.(1).(5). 4. Prop 
#11342. Ε΄. (Νοβ ἃ Ne“y) x, Ne“a=Ne(8+y¥) x, Ne‘a 
= (Neff xq No‘a) +, (No‘y x, No‘a) 
[%110°3 . *113-25 . 4113-41] 
#113°421. Ε΄. Nea x, (Ne‘@ +, Ne“y) = Ne‘a x, Ne(8+ γ) 
= (Ne‘a x, Ne‘8)+,(Nesa x, ΝΟ)  [113'42-27] 
#113°43. ἘΞ (ν +e) Xo Wh Xo (Ὁ +— B) = (μ Χο») He (u Χο) 
Dem. 
b .#113'27°421.. ΞΕ: μιν, σε ΝΟ... (ἡ τὸ σὺ) xpp= pe X,(¥ +, σὴ) 


=(p ΧΟΡ») +o (fe χες w) (1) 
Εν. #113:'204.%110°4.5 


bin(u,y,aeNC).3.(v+,.0) xX po=A.pwx (yt oy=HA. 
(MXgv)te(MXe THA (2) 

F.(1).(2). 2+. Prop 

The following propositions are concerned with various forms of the distri- 
butive law, when the summands are not enumerated, but given as the members 
of a class. 

The first of them (*113°44) gives the distributive law with regard to arith- 
metical class-multiplication and logical addition of classes. 


¥11344 Ε΄. (88) xa=s(x a) ec 


Dem. 
Εν #l IBS. Db. s(x a) =aisa | x 
33 
[5421] --- s8s"a 4 CEE 
33 
[40°38] = sta | “shi 
33 
[4113-1] =(s'«) x a. DF. Prop 
"113-45. bs«eClstexcl. 9. x af e Cls* excl 
Dem. 
FealIB19. DkiqixalBaxaty.d.qiBay (1) 
Ε.(1). Ἀ8ΦῚ1. 5b Hp. d:B yee qi xatOn x avy. Dey.B=y. 
[*30°37 ] Dey. x akB=x ary: 
[#3763] Jiprexae.qlpac.Ing:p=o (2) 


b.(2).%8411. 54. Prop 
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#11346. bine Clstexcl. 3. E¢x affegm (ΣΙ Xa 


Dem. 
b.x11215. D+: Hp.d. 2am s‘x. 
[5118.18] D.(2f«) x asm (se) xa (1) 
b. #11215 .#113-45. Db: Hp. Dd. Σέχ αὐἐκ am efx afte (2) 


Εν (1). (2). #11844. D4. Prop 


#113-47, bee Cls*excel. 9. ENe‘x αὐἷκ = No {(2‘«) x αἱ = ZNe“K x, Nea 
[4113-46] 


This is the distributive law for arithmetical multiplication and arithmetical 
addition of the kind defined in #112. 


#11348. +. sfax“«=ax sfx =Cnv"{(s%) x a} 


Dem. 
Ε...118114. 9. 5'(α xe =s*Cnv x avec 
[κ40.38] = Cnv'‘s*x αὐἐκ 
{*113°44] = Cnv‘*{(s*) x αἱ (1) 
{#113°14] =ax sx (2) 
t.(1).(2). D+. Prop 

113-49. Ε1 κε Clstexcl. 9. Σία x“esm ἃ χ (26x) 

Dem. 

+, *l13'14. Db. axe =Cnv* x afc (1) 


Εν (1). #11345 . #7 2°11. #8453. 
+:Hp.d.ax“«ee Cis excl. 
[4112-15] D. Sfa x“esm soa xe « 
[*113°48] >. Sa x“esm a x (s*x). 
(%112°15.%113°13] D. Sia x“esm a x (26): IF. Prop 
#113491. Ε: ce Clstexcl. 3. SNo“a x“« = Ne“(ax Bx) = Νοία x, 3Ne% 
[κ11849.25] 
The following propositions are concerned with the associative law for 
arithmetical multiplication. 


¥*113°5. b.(yx B)xa=Ri(qa,y,2).cea.yeR.zey.-Real(y)z)} 
Dem. 
+. *113'101 .> 
b.(yx B)xa=R (qu, P).wea.Pe(yxP).R=2| P} 
[*113°101] =Ri(qu,y,2).cea.yeR.zey-R=2] (y}2)}. DF. Prop 
#11351. +.(ax 8)xysmax(Bxy) 
Dem. 
+ .*113'141.3b.ax (8 x y)sm(8 xy) x a (1) 
Εν 1185. Dk.(axP)xyv= R(qa,y,z) cea yeh.zey.R=zl(y}a)}. 


(BX) xXa= Pp {(q2,y,2)-veayeRazey.P=a](z)y)} (2) 
8—2 
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Ε.(2).935}: T=RP {(qa,y,2z). cea. yeh. zey-R=zl(yle).P=x2l(y]2}-2- 
D'T=(ax8)xy.C'T=(8xy)xa (8) 
Ε.121.98.9 ΕΞ ΗρΡ (8). RTP. RTQ.3 
(qa, α΄, ψ, γ΄, 2,2). ὦϑ,ὄ αἱ ea.y,yeB.z,fey Razl(yfa=7ly lo): 
Ῥι-α (σψ γ). ῳ Ξσ ly): 


[κὖδ.30212 ΡΞ Ὁ (4) 
Similarly +:Hp(3).RTP.Q7TP.3.R=Q (5) 
Ε. (8). (4). (5). DE.(ax B)x ysm (Bx ¥) χα (6) 


F.(1).(6). 3 F. Prop 

#113511. ax 8xy=(ax B)xy Df 

#11852. +.(Ne‘ax, Ne‘) x, Nefy=Ne(ax @xy) [#11825] 
#11353, +. (Ne‘ax, Ne’@) x, Ne“y = Ne‘a x, (Ne‘B x, Ne‘y) 


Dem 
+, *113°52'51.5 
t .(Ne‘a x, Ne‘B) x, Ne“y = Ne‘{a x (8 x y)} 
[*113:25] = Ne‘a x, (Ne‘8 x, Ne‘y). D+. Prop 
*113'531. +. (N,c'a x, Nic'8) x, Νιοίγ = Nicfa x, (N,cf8 x, Nic*y) 
[4113-53 . (4113°04°05)| 
#11354 F.(ux,v)x, co =pXx, (ν Χο αὶ 
Dem. 
+, *113°531 .*108°2.3 
bippweNC.d.(u ΧΟΡ) Xo w= μ Xo (VX, σ) (1) 
+. *113'204.5 
bin(p,y,  ε NC). 2. (wxgvy)xXpo=A.px,(yxya)=A (2) 
b.(1).(2). Db. Prop 


*113'541. p x,y x,o=("4x,r)x,a Df 
#1136. |+.Ne‘ax,0=0 


Dem. 
113-25 .41011. D+, Nefa x, 0 = Nea x A) 
Jx113-114.4101-1] =0.>+. Prop 

#113601. ΕἸ we NC-—U'A.3. pp x,0=0 

Dem. 
Ε΄ #10326. 5. Ε: Ηρ. 9. (Πα). μ-Ξ Νιοία (1) 
F ΚΙΟΙ 1118. *103-27.3F.0=NicfA (2) 
b.(1).(2). D+: Hp. >. (qa).wx,0=Niefa x, ΝΛ 
[*113-222) = Ne‘(a x A) 


(#113-114.4101-1] =0:)3+. Prop 
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#113°602. bi. x,v=O0.2:p,veNC ~HASp=0.vV.7=0 


Dem. 


Εν #113°203 . *101°12.5 
bipx,v=0.3.n,veNC—i'A 


b. (1). 


#113:201.3 


Fiz x,v=0.9:.Fe0. =: (qa,8).aep.fev.Esm(ax 8): 


[4102] J. ἔξ Δ Ξε τίμα, β). αεμ.βὲεν. ἔϑιι (α χ β})}. 


[#10°1.413°15] 9 τ. (χα β) αεμ.βεν. Δ 5 (ἃ χ β):. 


[*73°47 ] 
[*113'114] 
[#13°195] 
[(1).%100°45 ] 
[*101°1] 
F.#113°601-'27.3+:.p,veNC— “Ar p=0.v.v=0:9. 4x, 7=0 
+. (2). 


1. (qa, 8).aeu.Bev,ax B=An 

2 (qa,B):aeu.-Bevia=A.v.B=Ar, 
nAew.viNevi. 

2 pw=NefA.viv=NefA:. 
12w=O0.V.vp=0 


vuuu WY 


(3). 3+. Prop 
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(1) 


(2) 
(3) 


The following propositions are concerned with multiplication by a unit class 
or by 1 or 2. 


#113'61. 
Dem. 


4113-611. 

#113612. 

#113°62. 
Dem. 


*113°621. 
Dem. 


bitiexa=| 2a 


b.xlIS1L. OF .cexa=sial “rz 
[#53°31-02] aah’ 

[*38°2 ] =| 2a. D+. Prop 
Fifgxasma [113-61 .#73°611] 
Feaxtesma [*113°611'141] 

+. Ne‘ax,1=Ne‘a 


+. *101'2.5+. Ne‘ax, 1 = Ne‘ax, Ne‘ 
(4113-25 ] = Nea x iz) 
[113°612] = Ne‘a. +. Prop 
bipeNC.3.ux,1l=sm"p 


b .#113-204. Db:p=A.D.px,1=A 


[*37'29] =smp 

+. #10326. Dt: Hp.aep.d.p=N ea. 
[(#113°04)] D.ux,l=Ne‘ax,1 
[¥113°62] = Nea 
[*103°4.(2)] =sm‘‘y 


t. (2). «1011-2335 .3+: Hp. qi. 3.x, l=sm“p 
F.(1).(4). 54. Prop 


(I) 
(2) 


(3) 
(4) 
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Observe that if » is a typically definite cardinal, sm‘‘p is the “same” 
cardinal rendered typically ambiguous; while if » is typically ambiguous, 
p=sm*p in every type, 


#11363. biz~mea.d. | 2Masm Desa v uz) 
Dem. 
b,#113-152. Db: Hp. 3d. Dea‘(tfa w oes) sm ἃ x ie (1) 
F. (1). *113°61-141.5+. Prop 
#11364. +.) 2Max | 2Bsmax fh.) ax) 2Bsm | 2(ax B) 
Dem. 
Εν &73611L.x11B13. Db. | eax | 2 Bsmax B 4) 
Εν (1). κ͵8611. 9ἘΕ.4 eax | 2 β 81. 2“(a x β) (2) 
Ε. (1). (2). 3+. Prop 
#113°65. bed 4 ἀχῳ 2 @=(}2|Cnvé | δ)κ(α χ B) 
Dem. 
b.e72184.%5521. Db. Lzelol.aCd'|z.8gCd* lz. 
[*113'126] Dh. 4 eax | 2 β-Ξ(. εἰ Cnv‘ | z)“(ax 8). 
I+. Prop 
#11366. b.px,2=p-+,p 
Dem. 
b. 4110643. Db px, 2=pX,(1 1) 
[Κ118.48] = (μ Xq 1) +, (# x, 1) (i) 
Ε.(). ΕΣ p= Νιοία. Dd. px, 2 τῷ Νιοία x, 1) τος Νιοα x, 1) 
[κ118.68.(61184}} = Ne‘a+, Νοα 
[*110°3} = ety (2) 
b.(2). #1082. DkipeN,C.d.px,2=utor (3) 


Εν %113°205.%1104. Db ipreN,C.d- ux 2HA.ptpoHA (4) 
F.(3).(4). DF. Prop 


*113°67. 
Dem. 


ΕἸ Ne‘a x, Ne(@ + εχ): (Nea x, Ne‘8) +, Ne‘a 


b.*113°421 .*1012.5 
+. Ne‘a x, Ne(6 + t'y) =(Ne‘a x, No*8) +, (Nea x, 1) 
[511862] =(Ne‘a x, Ne*@) +, Ne‘a. Df. Prop 


¥LIS6TL. Εὐμχν τω 1) πε ( Χορ) +o [#113-67-'205 . #1104] 


*114. THE ARITHMETICAL PRODUCT OF A CLASS 
OF CLASSES 


Summary of #114. 


The kind of multiplication defined in *113 cannot be extended beyond a 
finite number of factors. We therefore, as in the case of addition, introduce 
another definition, defining the product of the numbers of a class of classes, 
and capable of being applied to an infinite number of factors. We define the 
product of the numbers of members of « as Ne‘es‘«; thus we put 

TINe'« = Nefes%« Df. 


It is to be observed that TINec‘« is not a function of Ne‘‘«, because, if two 
members of « have the same number, this will count only once in Ne“«, but 
will count twice in IINe‘x. 


It is very easy to see that, in case « is finite, Ne‘es‘« will be what we 
should ordinarily regard as the product of the numbers of members of «. For 
suppose (6.0.) 

Kc=lavliButty, 
where a+ B.aty.8+y. Then 
ese= B(qa,y,2).R=c2lavy|Buzly.cea-yeB.zey}. 

Thus if R is a member of ea‘x, Ris determinate when a, y, z are given, &, y, Z 
being the referents to a, 8,y. Whether a, 8, y overlap or not, the choice of any 
one of , y,z 15. entirely independent of the choice of the other two, and there- 
fore the total number of choices possible is obviously the product of the numbers 
of a, 8,y. Thus our definition will not conflict with what is commonly under- 
stood by a product. 


The propositions of this number are less numerous and less important than 
those of #113. We shall deal first with products of a single factor, and products 
m which one factor is null (*#114:°2—-27). We shall then deal («114:3—36) 
with the relations between the sort of multiplication here defined and the sort 
defined in 3118, Then we have a few propositions (*114°4—43) showing that 
unit factors make no difference to the value of a product. Then we prove 
(¥114°5— 52) that the value of the product is the same for two classes having 
double similarity, and then (*114-33—-571) we give extensions of this result 
which depend upon the multiplicative axiom. Finally, we give some new 
forms of the associative law of multiplication. 


Among the more important propositions in this number are the following: 
*114-21. +. IENe‘t ‘a= Ne‘a 
7.6. a product of one factor is equal to that factor. 
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411423. bk:Aex.23.TINes* =0 
1. a product vanishes if one of its factors is zero. The converse requires 
the multiplicative axiom, as appears from the proposition 


#11426. Ε:. Multax,=:TNee=0.=,.Aex 


1.6. the multiplicative axiom is equivalent to the assumption that a product 
vanishes when, and only when, one of its factors is zero. 


#114301. Fie nA=A. 9. eae VA)Sm εδ΄κ X Ear 
whence 
#11431. binnd=A.5. IINe% x, Ne =TINec(« va) 
which is a form of the associative law, and 
#11435, Frat8.3.IDNe‘(i'a v 168) = Νοία x, Nee 
which connects the two sorts of multiplication. 
"11441. :2C1.9.TINe(« vaA)=TINe‘e 
1.6. unit factors make no difference to the value of a product. 
11451, ΕἸ ΤΊ 6'λὲκ TSH A.D. (7| ΤῸ ead e (€a‘n) ὅτα (ear) 
This proposition gives a correlator of ea‘« and ea‘A as a function of a double 
correlator of « and A, and thus leads to 
#11452. FiesmsmaA. od. IINe‘« = Ned. εδ'κ sm εδ΄λ 
Hence, by the propositions of #111, we infer 
#114571. b:.Multax.Dip,veNC.n,repnClv.>. IINe = ΠΝΟλ 


1.6. assuming the multiplicative axiom, if « and Ἃ each consist of u classes 
of ν terms each, their products are equal. 


We have next various forms of the associative law, beginning with 
#1146. Fixe Cls*excl. >. ΠΝοίελίκ = IINe‘s‘« 
which is an immediate consequence of *85°44, The other form is 
#114632. k :Sfyelol.yCAS.ynSy=A.9. 
ἐδ {(qa).aey.u=ax Sal sm ea(y v Sy) 
As to the sense in which this is a form of the associative law, see the 
observations followmg *114°6. 


#11401. ΠΝΟ τ Νοίελίκ Df 


ἈΠ4Ὶ. ΕἸ TINo‘e = Notes‘ . (#11401) 
#11411. +: Ge TINc«.=.8smes*e.=.BeNeese [114-1 . 410031] 
#11412, |. eae e IINe« [41003 . #1141] 
#1142. +. TINc‘A=1 [*83°15 . #101:2] 


Thus a product of no factors is 1. This is the source of p= 1, as we shall 
see later. 
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#11421, |. TINc‘t'a = Nea [κ88.41] 

Ἀ11422. Ε.ΠΝΟΑ -ΞῸ [411421 . Κ101᾽1] 

#11423, b:Aex.3.TINe‘e=0 [#831]. #1011) 


Thus an arithmetical product is zero if any of its factors is zero. To prove 
the converse, we have to assumé the multiplicative axiom, which, in fact, is 
equivalent to the proposition that an arithmetical product is only zero when 
at least one of its factors is zero. 


#11424. ΕἸ TINe'A+0.¢ CX. 9. IINoie +0 


Dem. 
Εν Π14ΦῚ.. 1001.54: TINA +0.3-q festa (1) 
Ε,(1). 806. ΡΕΙΠΝολΈΘ. κΟλ, 9. leak. 
[114 1.6 1011] >. TINe‘«+0:3+. Prop 
#11425. F:.Multax.=:TINe'«=0.3,.Aex 

Dem. 


+. "88°37 . Transp.) 

F:. Multax. rese= A.D Δεκὶ 

[Κ1141.Κ101.1]Ξ : IINe‘e =0.3,. Aen. 95. Prop 

Note that Aex.3.06 Ne“. 

#11426. +:.Multax.=: INe‘n=0.=,.Ae« [*88°372.«101‘1) 
#114261. Ε:. Multax.=:TINe‘«=0.=,.06e No“ [%114:26 .%101°1] 
#11497. +::Multax.=s.aex.3,.q!a:=,.IINe%«+0 

[%114-26 . Transp . *24°63] 


#1143. Εἰκελ.2. εδ'(ἐεδ'κυ {εδ'λ) 8m εδ'κ X εδ'λ 


1 1 


ΠῚ 


Dem. 
bl IS146. Db seat εδλ. 9. εδ'(ἐἰελί κυ Lear) 8m aS X Car (1) 
bex8081. Dkuqleafe.VipleatAreEALD.« €aSe + Ear (2) 
b .#83:908 . «113-114. 
bs eate= A ces rH A.D. ca (Lea U ιεΔ΄λ)- Δ. εὐἰκ XA AHA (3) 
k.(1).(2).(8). 35. Prop 
#114301. Fit nA=A.D.6a(e VA) SM εδἰκ X εδλ 

Dem. 
b.*85°45 .%1143.9 
brearmA.etr.D.ea(eu dX) 8M €4°K X εδ΄λ (1) 
bik225. DbswenrHA.eH=r.90. KH ALASA. 
[83-15] Diea(eurya=eAesteHt Accra, 
[¥113-611] 2. ελ(κ VX) BM Es" Χ εδ΄λ (2) 


F.(1).(2). 95. Prop 
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#11431. bien X=A. 2D. TINe‘« x, ΠΝΟλ = ΠΝΟ(κ va) 
Coll 43011 . 113-25] 
The above is one form of the associative law of multiplication. 
#114311. +. Ne(« vr) = Nee x, ΠΝΟᾺ -- κὴὶ [411431 . «22°97 ] 
411432. +: TNe(«va)+0.=. INe% +0. 0NcA+0 


Dem. 
Εν #114311 . #113602. 9 
Ε: TINe‘(«e vA)+0.39. TINe%«e +0 (1) 
Hye. Dh: TNet(e vay 0.3. TINA $0 (2) 


Εν 411424. 5+: ΠΝΟλ 0.9. ΠΝΟ — «) 40: 
[Fact] Dt: TINe’«+0. 0 NcerA+0.5. 0. Ne% +0. TENc (A —«) +0. 
[%113°602.4%114311] >. TINe(« va)y+0 (3) 
Ε.(1). (2). (8). 3+. Prop 
#11438. Ἐτασθεκ. 9. ΠΝοίμν {α)Ξ ΠΝΟοίκ x, Νοία = [1143121] 
#11434, ΕἸ ΠΝοΟίκΞ ΘΟ. τα. Ξ. IINe(« νυ κα) ἘῸ0Ὸ 
[Κ114.39.9]1. Κ10114] 
#11435. Εταξ β.9. ΠΝοίιαν ι.β)- Νοία χ, ΝΟοβ  [*114°33°21] 
#11436. Fiat B.aty.B+y.d.1INe (tau Bui'y)=Neiax, Nes x, ΝΟ 
[*114°33°35] 
#1144, -F:AC1.D.TINcCA=1 [#8344] 
#11441. b:AC1.5.TINe(«e vay= Nee [83°57] 
#11442. +. IDNe‘x=TINe(« —1) 
Dem. 
#2441. 2 Ε΄. c= (κ --Ξ τὴν (κ αὶ 1) (1) 
(1). #11441 .35. Prop 
TI Nef(« uv efa)=TINe‘« [114 41. ἐδ] 


:Texsmsmr.2.(T|| Te) f ea‘d ε(εα κὴ Sia (ea‘A) 


4.114.48͵ 


*114'5. 
Dem. 

111111. 2+:Hp.3.7,7%efracel—ol (1) 

«#8014. #83°21 . Db. sD eg ACSA. ἐς ACA (2) 

(1) «(2) #74773 2D 

:Hp.>. (Z| ΤΟ ea‘r εἰ(1|} Pe) ea'n} Sit (ε΄) (3) 


#8243 of 6 . 4.69.8. 9 


ΤΙ ΤΕ ΧΕ] -2 1 ΘΔ ΟΠ ΤΟ ΠΟΤΕ. κα TAD, 
(LiePa| Le)a‘e = (Tl Το ει (4) 
Εν (4) .(1) #1112 487111. 3b: Hp. dD. (PlePd| Toate Ξ (Τ] Te) es! (5) 


Tr τ TT 


Tr TFT TT TT τ 
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Ε. «841 .*37'101.5 


Fra(TlefalLe)a.=.(qy,8).a2Ty.yeR.Ber..0= TB (6) 
Εν (6). #7252 .¥111-1.5 


bi Hp. Dia(TlePr| Tea. 


(ay, 8).0Ty .yeB.Ber.B=T*a.aCDT. 


[*111°1'131.*13'195] =.(qy).oTy.yeTa.aex. 
[*37°1] =.26T*Ta. nen. 
[¥72°502.*«111°1] =.a(efx)a (T) 
Ε. (δ). (7). Db: Ap. 3. (ef κ)εκ = 1 Te) ear. 
[483-12] D cafe Ἐ(ΤΊ Te) ear (8) 
Ε. (8). (8). DF. Prop 
4114501. Ε:8π Τῇ sX.D. (Si) Se) Pear τ (TI Te) hear 
Dem. 


Εν 80°14. *83°21 .D 

bie ReesrX-I:yhB.D.yesr.Ber. 

[*40°13 ] >.yesr.BCSr: (1) 
(e4-71.Fact] D:aTy.yhB.BTea.s.aTy.yesr.yRB.BTca.BCsnr. 
[#37°101 22-621] o(TPsr)y.yRB.a=TB.B=Basr. 
[(1).»κ87.412] s.a(Tfsr)y.yhB.a=(TT 5 )..8 (2) 
F.(2). 2b: Hp.d:  εεαδίκ. 2. ΤΊ αὶ Te=S8S| RS: 

[*35°71] 9:(1| Te) f esfe = (8 || Se) f cafe. DF. Prop 


11451. Ε: ΤΊ sXe eS THA. 9. (LI) 70} ea‘ € (ca’e) ἘΠῚ (esA) 
[#1 145-501] 

"11452. ti:xsmsmara.D.TINe‘x=TINeD. esfesmestrs [*114°51. 1114] 

#11453, Fi: Multax.3:. x, Xe Cls’ excl: 

(q8).Sela1.S8S€sm.DS=x«.0°8=r:). TINex τ ΠΝΟᾺ 

[11452 . #1115] 

#11454. +:.Multax.D:4,veNC.«,reun Clexcl’y. >. IINe‘« =IINeA 
(4114-52 . #11153] 

The condition x,AX¢Cls*excl, which is involved in the hypothesis of 
#11454 (through x, i ¢ Cl excl‘v), is not necessary. The following propositions 
enable us to remove it. We first prove 

eax sm eae [x 
and then we use *114°54 to take us from ea‘e | ‘x to cafe [“A. Thence we 
arrive at e4%sm εδ΄λ. 
#11456. Ε΄ esteem cafe [x . Ne‘ = ΠΝ [“‘e [8584] 
#114561. Ε: SexsmaA nRi‘sm.D. J | S|Cnv(ePe(e] x) sme] <A) Ri‘sm 
[*73°63 .*85°601 . ¥38'12 . ¥33°432] 


Nat 
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#114562. | :. Multax. >: 


(qS).Selo1.S€sm.D'S=x.GS=r. 5. Je smsm cfr 
Dem. 


fF . *114°561 . 85°61. 
b:.(qS)-Sel—71.S8€sm.D‘S=«.QS8=).9: 

ΕἸ x, ce] “Xe Cls' excel: (q7).Tela1l.TEsm.D‘T=e]e. T= εὐ λ: 
[41115] 3: Multax.d.e]“«smsme]“r:. DF. Prop 


#11457. +:.Multax.3: 
(qS).Sel—1.S€sm.D‘S=x.QS=2r.3. Ne =TINer 
Dem. 
b ,*114°562'52.> 
bs. Multax.3:(q8).Sel—+1.S€sm.D‘S=xn.dS=2.). 
TrNe‘e | ΚΞ TINe‘e | SO. 
[*114°56] >. TINe‘« = ΠΝΟᾺ :. D+. Prop 


¥114-571. Ε: Multax.D:y,veNC.n,r(.e.un Cl. 9. INe%x = Nex 
[e111-52. €11457] 


#1146.  F:xeCls?excl. >. TI Ne%es‘x =TINe‘s’x [85°44] 


This is the most general form of the associative law for arithmetical multi- 
plication. 


Owing to the fact that we have two kinds of multiplication, namely 
a x 8 and ea‘x, we have four forms of the associative law of multiplication, 
namely: 

(1) *114°6, above, 

(2) #*113°54, 1.6. b.(uxov) Xoo =p Xo (v XB), 

(8) #11481, te bixnnrX=A. 3. TIN x, Ned = ΠΝο(κυ A), 

(4) a form of the associative law which has not yet been proved, which 
may be explained as follows. 


Suppose we have a number of pairs of classes, eg. (a, 81), (G2, Be), 
(ας, 8;),.... Suppose we form the products a, x ®,, a x Be, a x 8;,... and 
multiply all these products together. We wish to prove that (with a suitable 
hypothesis) the result is similar to the product of all the a’s and all the 88 
taken together as one class; 1.6. if we call \ the class of products αἱ x βι, ἂς Ba; 
a x B;,...,and w the class whose members are Q,, ἄς, @3,---, Bi, Be, Bs, +++) WE 
wish to prove 

TINe‘X = TINe‘u. 
In order to express this proposition in symbols, let S be the correlator of the 
a's and ’s, so that 8, = S*a,. (The suffix ν will not be used further, since it 
implies that the number of a’s and of β᾽5 is finite or denumerable.) Then our 
class of products of the form a x 8 is 


ἃ {(qa).aey.u=ax Sat, 


SECTION Β] THE ARITHMETICAL PRODUCT OF A CLASS OF CLASSES 125 


where ¥ is the class of all the a’s; and the product of this class of products is 
eae {(qa). ney. p=ax Sa], 


On the other hand, the class of all the a’s and §’s is y vu S“*y, and the product 
of this class is 


εδ'(γ υ Sy). 

Thus what we have to prove (with a suitable hypothesis) is 

ea ft {(qa).aey. =a x Sat sm εδιίγυ Sy). 
The hypothesis required is 

SPyeltmliy CAS .yn Sy =A. 
A smaller hypothesis suffices, however, for a proposition which, in virtue of 
*114°301, is closely allied to the above, namely 
ἘΔ X eg ϑ ἐγ sm εδί {(qa).aey.w=ax Sa}. 
For this, a sufficient hypothesis is 
SPyelml.gCas. 

Thus e.g. we may write Z for S, and we find 

Ἐν cay X ε΄ sm eat {(qa) eye p=axat. 


We shall now prove the above propositions. What follows, down to 
*114°621, consists of lemmas, 


For convenience, we write S,‘a for a x Sa in the course of these lemmas; 
this notation is introduced in the hypotheses of the lemmas. 


#114601, Ε:. Shycl—l.gyC AS. Arey. 8, =fa(aey.u=ax Sa).d: 
S,e1— 91.08, =y.DS8, =f {(qa). acy. poax Sa}: 
aey.2,-5;,a=ax Sa 


Dem. 

Ε.Ἀ58.11. Dt: Hp.d. D'S, Ξ (qa). aey.p=a x Sa} (1) 
Εν, #21'33. Dt:iHp.aey. Diu (Sy)a.=,-p=ax Sar 

[κ803] 2:8, ‘a=ax Sa (2) 
Εν (8). ΧΦ 904. Dk: Hp. D:aey.D,- ΕἸ κα. (3) 
[κ38:48] >, . ae AS, (4) 
b .#21°33.433°131.D+:. Hp. Diae MS, .D.-ae7 (5) 
Εν. (4). (5). D+: Hp.d.d‘8, =. (6) 
[(3}.»07116] >.8,¢1—>Cls (7) 
+. #113181. D+: Hp. diad@eqy.axSa=a’ x So’. 9. δία Ξ ὅ.α΄. 
[*71-59] D.a=a (8) 


b. (8). #7155. (2). (6). (7). DK: Hp. d.8, ell (9) 
b.(1).(2). (6). (9). D+. Prop 
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4114602, ΕἸ Hp #114601. A = RG facy.R=(S'a) Ja}. 9. Acl—91. ‘Any 
Dem. 
As in *114°601, we prove 


Ε:ΗΡ.9. ἡ εἰ --- (]β. (34 -- (1) 
+. *21°33.813171. 3+: Hp.3:RAa.RAB.D. (Sa) | a=(S8) 18. 
[455°202] 5.α- (2) 


b.(1).(2). >. Prop 


«114-603, F: Hp*114°602.X εεδίγ. Yees Sy. P=( YX) LA IS, >. PeesD‘S, 
Dem. 


Ε. *43°122 . #71°166 . 4114601602. +: Hp. >. Pel +Cls (1) 
Ε. 48.122. #3732322 .*884381. DIb:Hp.d.d‘P=S, “dA 
[*1 114-601-602] =D‘8, (2) 


bi*341.5:.Hp.2: 

MPy.=.(qk,0).M=Y\R\X.R=(S'a) lacey paSxia. 
(4113-123.%80°14] =. (qa). M=(Y*S'a) | (Δα). wpHS,fa.aey. 
[¥13195.4114601] =. (qa8).8@=S'a.aey.M=(¥*R) | (Xa). p=ax fp. 
[x83°2] >. (qe, 8,u,v).B=Sa.aey. weaves. 

Ms=(volu).p=axBp. 

{*113'101] 2.Mep (3) 
F.(1).(2). (3). 80°14. DF. Prop 


*114-604,. |: Hp*114°602.7= PO ma, VY). X ceg’y. Ve ea'S\y. 
Q=Y{X.P=(¥|X|4/8,}. 
2. ΤεῚ -- (18. ("1 = ἐδ x e468“. DST C eg DSS, 
The relation 7’ here defined is the correlator required for proving 
ea°ft {(Ya) «ney. = ax Sa} sm δ΄ x €46S\y, 
Besides what is proved in the present proposition, we shall have to prove 
TeCls—1. Ὁ Ὁ, C D‘T. 


The proof of the present proposition is as follows. 
Dem. 
b. #2133 .413171.5b:.Hp.d: 


PTQ. PTQ.D.(qX,Y, X,Y). VY | X= Puxt lal 
) 4 

[κδ8.202] 9.9} -- Ρ’ “a ) 

+. 21°33 .%114°603.D6:, Hp.3:P7Q.5. Pee sD‘s,, (2) 


Fa (1).(2).%113'101. 5+. Prop 
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#114605, +: Hp *114°604.35.7eCls— 1 
Dem. 
F.#*114601.5+:Hp.3.8, e191 (1) 
Ε.(1). #7471 . Χ]14601.602, 9 


be. Hp. X,X' εεδίγ. Y,Y’ εελί δέ. (Y\ X)|.A |S, = (PX) | A Sx 2! 
(PRY APPA: 


[474-7] 9:(Σ } Δ} 0.4 =(P"|| Xp 0.4 : 

[4114'602] Dr aey. Dye (¥ || X)(Sa) | a=(Y" || X) (Sa) Ja. 
[¥113°128] 5. Ἰὼ | (X'a) = (YS) | (X"a), 
[455-202] 5,.Xa= Xa. VSa= "Sa: 
(*80'14.43345] 9: Χ - Χ΄.Υ - γ': 
[55-202] 5:ΥΧ-Τ' xX’ (2) 


Ε,. (2). 1822. #2133. 5b:. Ηρ. 3: PTQ. PTQ’.3.Q=Q':. 3+. Prop 


The following propositions are required for proving that, with the same 
hypothesis, ε "5, C D‘7. 


411461. +: Hp #114602. Pee D'S, .X =1/C|P|S,.¥ =u[D|P|S,|8.D. 
A ceaty. Ye est Sy 
Dem. 
Εν Κ͵218113131. #8014. #114601. 4: Hp.>.X,Yel—Cls (1) 
Εν #722181 19-131 «8014. 114601. 9 


bi Hp. D:aXa.=.0=0O' PS, fa. (2) 
[*51°53] > .ze QA PS,fa. 

(%83°2.4114601] 2. (1). Reax Sa.reAh. 

[Ἐ118142] 9. Φεᾶ (8) 
Εν *114601.3+:.Hp.d:aey-=.8x ἃ DS, 

[1882] =.E! P‘S,.‘a (4) 
F.*83°2. Dt:.Hp.9:E! PS,6a.=. PS, fae 8, ‘a. 

[%113°142] 9. d°PS,‘ael. 

[#5 2°15] >. Er cdPss%*q (5) 
t.(2).(4).(5). D+: Hp.d.yCayr (6) 
b 34°36. #114601.3F:Hp.d.daX Cy (7) 
Εν. (1). (883). (6). (7). Db: Hp. d.X eea’y (8) 
Similarly Ε:ΗΡ.3. Ve es‘S“vy (9) 
Ε. (δ). (9). +. Prop 


Ἀ114611. b:. ΗΡ ἈΠ1461. 3:aey.9.( YS) | (X‘a) = PS, 
Dem. 
Εν 29. 3+: Hp.aey.d. Xa=t UPS, 6a. YSa=tD PS, a. 
[x55°16.451'51] ᾿ >.(YSa) | (Xa) = PS,“a: 9 ΕΠ Prop 
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4114612, Ε: Hp«114-61.3.(¥||X)|4|S.=P 


Dem. 
F.x8315. Dt: Hp.qiP.o.qiDis,. 
[4] 14601] d.qthy (1) 


bea841 Db: Hp. ds MV X)|4|Sxh pes. 
(40, #). M=(¥|)X}Q.Qda.p=S'a. 


(%114°601-602] (qo). M = ΓΚ} X)(S'a) 4 α. w= 8, αν αεγ. 


[Ἐ118128] =.(qa). Η -- δια). (Xa). w=S,“a.aey. 
[el 14-611] =.(qa). M=PS,“a.w=S,a.aey. 
[*13-193.*11460L«7116]=.M=Piu.qiy. 

[*71°36.*80'14.(1)] =.MPu:. 3+. Prop 


#114613. +: Hp *11461 . Hp *114604.5. 
P=T(YV IX). 1 Xe ea’y X cat Sy 
Dem. 
Εν *21°33 .*114604. 5Ὲ :. Hp *114604.5: 


X ceaty. Ve esSy.d.74Y | X)=(¥X)| A/S, (1) 
Εν (1). #114°61-612. #113106. +. Prop 
4114614. +: Hp #114604. 9. «DS, CD‘7 


Dem. 
F.#114613.3t:. Hp. 3: Pe egSD‘S, .3.(qQ). P= TQ. 
[*33°43] >.PeD‘T:. 3+. Prop 
«11462. +:Hp*114604.9.Tel—-1.D‘T=esDS,. {1 = egy x ε΄ δ. 
[ἈΠ14604606'614] 


#114621. ΕἸ Sfyelwal.yCAS.Anrey.d. 
εκ (qa). aey. w=ax Sal sm ἐλ x ε΄" 5.“ 
[*114°62°601 | 
The hypothesis A~e γ is not necessary, since, when A éy, 
ea“ (Ga). aey.w=ax S'a} and εδίῃ Χ ea Sy 
are both A. This is proved in *114°63. 
*11463. +:Sfyel—l.yCA‘S.5. 


ex “ft {((qa). aeyep=a x Sa} sm easy x es S Sy 
Dem. 


br .*10°24. *83°11.5 
tiHp.Aey.D.Ax SA εἢ (qa)aey.p=ax Sa}. ecay=A. 
[H113114]  D.AeB{(qa).aey.u=ax Sa}. cacy x ea Sy=A. 
[88:11] J. ca (qa). aey. waa x Sal τὸ ΑΛ. ἐλ x eaSy=A (1) 
Γ.(1). #7347 . #114621 .>+. Prop 


The above is one of the two variants of the associative law for ea and x. 
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#114631. +. εἰ {(qa)-aey.p=ax a} sm eae X esSa [w11463 3 
#114632. t:Sfyelwl.yCAS.ynS“y=A.9. 
es 2 {(qa).aey.p=a x Sa} smes(yu Sy) [11463301] 
This is the second variant of the associative law for es and x. 
#11464. F:(R“y)1 BR, Shyel—w~l.yCAR.yCaS.5. 


ea RSty x eg Sry sm ex (G2) Ze y+ w= Roe x See} 
Dem. 


ar RNY 5 
Ε: S| RP Ry ell. Ry CO(8|R).>. 

eat ΚΠ x ea SRR My sm ef {(qa).ae Ry. p=ax (S| Ἀγ) (1) 
#7414 435354. D+: Hp. 2. S8| RP R “y= St y|y1R- Rp y= R. 


Εν *114°63 


[71-252] >. S|RPR “yell (2) 
Εν 812, Db: Hp. d. Ry CRS. 
[¥37°32] 5. Ry CAS B) (3) 
bee74171. Db: Hp.d. R“R yay (4) 
Εν (4). 47414.  Ε: Hp. >. (R“y)1R=RPy. 
[#35°7 71:4] 2. f2{(qa).ae Ry. u=ax(S| Ry‘a} 

=A \(qe).zey. p= Rex SRR 
[*74°53] = ὁ ((12). sey. m= Re x Se} (5) 


“Εν (1). (2). (8). (4). (5). 9 Ε΄. Prop 
In the above proposition, the hypothesis has to be such as to yield 


RE RE ‘y=. Various other forms of hypothesis will secure this result, and 
will give other forms of the above proposition. This subject is treated in 
#74, above. 
#11465. +: (R“y)1R,Sfyelwl.yCAR.yCAS. Ryn Sy=A.2. 
ex (Ry υ Sy) 5m eg fi ((112). 2ey- = Roz x 52) 
(¥114°64'301] 


R&W 11 9 


4115. MULTIPLICATIVE CLASSES AND ARITHMETICAL CLASSES 


Summary of *115. 


Whenever « is a class of mutually exclusive classes, e4‘« is similar to 

D*‘eatx; hence 
TINe‘« = Ne‘DS‘es‘x. 

Now D*‘es‘« is of the same type as x; and when x is a class of mutually 
exclusive classes, D‘‘e,‘« consists of all classes formed by selecting one repre- 
sentative from each member of «. It often happens that D‘‘es‘« is easier to 
deal with than ea‘«; hence when ‘possible (7.e. when « ¢Cls* excl), it is con- 
venient to use D«‘es‘x, rather than ea‘x, as the standard member of I Ne‘e. 
‘We therefore put 

Prod‘ = D*‘ea‘x Df. 
We shall call Prod‘x the “multiplicative class” of x. 


The associative law, 
Prod‘s*x sm Prod‘Prod*‘x, 


requires not merely xe Cls’ excl, but also s‘« eCls*?excl. The combination of 
these two hypotheses gives a completely disjointed class of classes of classes, 
1.6. a class of classes of classes « which can be obtained by dividing a given 
class (s‘s‘<) into mutually exclusive portions, and then dividing each of those 
portions into mutually exclusive portions. For example, take a square (a class 
of points) and divide it by horizontal lines, and then divide each of the result- 
ing rectangles by vertical lines; then the resulting rows of little rectangles 
form such a class, each row of rectangles being one member of the class. 
Such a class we call an “arithmetical” class, and denote by “Cls* arithm.” 


The present number is concerned with the properties of multiplicative 
classes and arithmetical classes. Some-of these properties will be useful in 
dealing with exponentiation. 

The present number begins with various propositions concerning Prod‘x 


which are merely repetitions of previous propositions of *83, #84, *85 or *113. 
Thus we have 


¥115-141. bq! Prod‘. 3. s8‘Prod‘x= sx by *83°66, 
#116142. +. Prod‘t‘a = μα by *83°7, 
#116143. +. Prod‘i*a = iq by *83°71, 


*115°16. 1F.x«eClstexcl. >. Prod'xC Ne“x by *100°64, 
and various other properties. 
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We then proceed to consider Cls*arithm. We prove 
#11522. Ε 3. κ ε Ols*arithm. Ὁ rsx Cle’ exclia, β εκ. ἢ 18.α 8.8... μ.α τ 
and *115°23 gives a similar proposition substitutmg “Prod ” for s. 


After a few more propositions on Cls*arithm, we proceed to the associative 
law for Prod («115°34), 1.6. 


r:xeCls*arithm. >. Prod‘Prod‘‘«x sm Prod‘s‘x. 
(This proposition, *115°34, also states that, with the same hypothesis, 
Prod‘s‘x sm ea‘s*x.) Hence we have 


#11535. -sxeCls*arithm.>. Ne‘Prod‘Prod‘*x = Ne“Prod‘s‘« =  Ne‘Prod“x 
= TINec‘ea“*« = TI Ne‘s*x 
We have also 


#11542. +:xeCls?arithm.D. Prod‘Prodé*x = D*Prod‘es“« = DD es "eg x 


#11544 b:x<eCls*arithm, 2. Prod‘s‘« = ‘Prod ‘Prod ‘x 
We have next to prove that if two classes of classes have double similarity, 
so have their multiplicative classes. The proof is simple, since the double 
correlator is the same as for the original classes, <.e. 
#115502. +: Th s‘.exsmsmr.D. Tf s‘Prod‘A e(Prod‘x) 8m sm (Prod*n) 
whence 
#115°51. -:xsmsm2. 9. Prod‘xsmsm Prod” 
The number ends with some propositions which result from #114°64°65 
and are analogous to them. One of these is used in the following number 
in proving μὴ x,v7 =(u4X,v)”, namely, 
41156. b:(R“y)T RSP yclal.gCOB.yCaS, Ry, SyeCls*excl.d. 
Prod‘ R*y x Prod‘ Sy sm es {((qz). eqs a= Re x 8.2) 
The subject of this number will be useful in dealing with exponentiation, 
since wé shall define «” by means of Prod‘a ὶ “3, where με Νια and 


v=N,¢‘f. 


*115-01. Prod‘« = D*‘e‘x Df 
#11502. Cls*arithm =£(x«,s‘«eClstexcl) Df 
#1151. Εἰ Prod’«= De,‘x {(*11501)}] 


*115°101. b:.aex.2,.en0el:aCse:2.a6Prod‘e [*84411] 


#11511. bi:xeClstexcl. Ds. we Prod‘x.=:aex.2,.-0naeliaCsx 
[84412] 
Owing to this proposition, Prod‘« can be treated without any reference to 


ea‘x whenever xe Cls? excl. 
9—2 
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411512. fixe Clstexcl. >. Prod‘x ε IINe‘x. Prod‘xsm εδ'κ [%84'41] 


It is this proposition that makes the notation Prod‘« appropriate for the 
multiplicative class. 


#11513. bsanQ=A.). Prod(i‘avues)sm(ax 8) [*113-152] 
#115131. Fiat @.>. Prod “(e‘a vu 168) = C“(a x B) (#113°151] 


#115:14. biend=A.v.sensX=Ard: 
we Prod‘(xvX).=.(qp,o). pe Prod’‘x.ceProdx.0=puc 


[κ88 64.641] 
4116.141. f:q! Prod‘x. 9. s*Prod‘x=s*f« [*83°66] 
#115142. +. Prod‘i‘a = μία [*83°7] 
#115°143. +. Prod‘s“a = μα [8801] 
Ἀ116144, Ε:κΟῚ]. 9. Prod‘«=1's‘x [Ἐ8812] 
#115145, Κ :. κα Cls’excl.ack.pwnael.d: μ--α ε Prod(x—i'a).=.y¢Prod‘« 
[κ84.4929] 
411516. Ε1. κι ε Cle excl. δέκ --τ λ. 3: κ Ριοάίλ.. ξξ .ὰ ζ Prod‘x 
[κ84.48] 
Ἀ116.151, Ε τ κε Cle? excl. 2. εδίβίκ τὸ 8**Prod’ea“*x [85°28] 
#115°152. +. Pafasm Prod’P J “a (*85'55 | 
#115°153. Ε΄ εδ΄κ sm Prod‘e [ ‘x [¥115°152] 
#115:154. -. Prod‘e [<‘x ¢ IINex {*115°153 | 
#11516. b:xeCls’ excl. >. Prod‘e C Ne‘x [*100°64] 


The following proposition is used in the theory of well-ordered series 
(*250°5). 


#11517. biqtes‘Clex‘a. 9. Prod‘Cl ex‘a =1i'a 


Dem, 
Εν #8014. #1151. #37°45.9F: Ap. 9. qt Prod‘Cl οχία (1) 
t.*60°61 . Fact. > 
ti.Rel+Cls. RGe.TR=Clex'a.3: Rel—-Cls.RGe.vaC dR: 
[*51-15] D:vcea.2,. 0h (Ux): 
[Ἐ8814] 2:aCDR (2) 
fF. #8321. Dt: Hp(2).3.D‘RCsClex‘a. 
[*60°501] >.D‘RCa (3) 
F.(2).(3).9F:Rel—+Cls. RGe. (ΓΚ π ΟἹ χα. 9. ΕΚ πα (4) 
Ε. (4). #11571 .*80°14. 9 Ε. Prod‘Cl ex‘a C ι'α (5) 


F.(1).(5).#514. 9+, Prop 
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*11518. +.¢'Prod'x= tx [¥83°81] 
#1152. Fie Cls*arithm.=.x,s‘«eCls’excl ((*115°02)] 


#11521. F:.<eClsarithm.s:a,Bexn.qlanB.I.,.a=f: 
a,Sex.pea.ceB.ylopang.d, ot p=. 
[¥115°2. #8411] mame? 
#115211. F:«eCls*arithm.a,Bex.pea.cgeB.ylpnc.d.a=8 


Dem. 
b.¥115°21.3+:Hp.d.p=c.pea.ce®B, 


[¥13°13] D.peans. 
[#11521] 2.a=8:I+. Prop 
#11522. bi. «¢Cls*arithm. 3:5‘ «eClsexclia Bex. ls'ans'B.D,,.0=6 
Dem. 


Pb. eO1L OF rg isfansi8.=. (qa, p,c)-pea.ceh.vep.mec. 


[*10°35] =.(qWp,c)-pea.ceB.qlpagd (1) 
F.(1).#115°211.5 

FiHp.d:afexr.qisiansB.d.4a=8. (2) 
[*80°37 ] D.sfa=s'B (3) 


F. (2). (3). #8411 .5+. Prop 

Observe that, although “s**t ε Cls? excl” follows from 

“aBex.qisfans’'B.In8.a= 8,” 

the converse implication does not hold. If there were two different classes 
a and 8 having the same sum, we might have q!s‘ans‘8, 1.6. q!s‘a, without 
having a=, in spite of “s« ε Cls*excl.” In proofs, less use can be made 
of “sx ε Cls? excl” than of “a,Bex.qistans’'B.2n0e.4=8.” If Aner 
or UfA~wex, the latter implies sf «e¢ 1— 1. 


~#115-23. +:.<eCls*arithm.): 


Prod'‘« ε Cls? excl: a, β ex. ! Prod‘an Prod‘8.3.2,-a=8 
Dem. 


t. *83°62. Dk: ae Prod‘an Prod'8.2d.a7Cs'ans‘B (1) 
Ε.(1). #2458. Db:a@eProd‘an Ρυοῦ β. ἢ τ. 9. ἢ 1 δα ἃ 8.8 (2) 
F.(2).#115°22. Ε:Ηρ.α,βεκ.π εῬηοάα ἃ Ῥγοα"β. ἶπ.9.αΞ β (8) 


Ε. 8916. Transp, +: Ae Prod‘an Prod‘8.3.a=A.R=A (4) 
F.(3).(4).3F:. Ap.d:a,8e«.q! Prod‘anProd‘8.3.a=8. (5) 
[*30°37 | >. Prod‘a=Prod‘8 (6) 
F.(5).(6).%8411. 54+. Prop 

"11624. bixeClsarithm.=.efa,efsieeCls— 1 [¥1 15-2 . #8414] 


#11525. F:x<eClsarithm.D. este C lol. εαἰδίκ CL 1 [#843 . #115°2] 
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#11526. bf:xeClsarithm.2. 
εαἰδκ Cl 1. csfes'x Cl 1. e4fProd’ixC ll 
[¥84°3 . 115-22 . ¥84°55 . #115°23] 


In the above proposition, es‘e4'"« C -- 1 does not require the hypothesis 
«e¢Cls’ arithm, being true always. It is merely included here for convenience 
of reference. 

*115-27, ΕΠ: κε Clsarithm.>.«CClstexel [#1152 . *8425 . #40°13] 

We have now to prove the associative law for “ Prod,” 1.6. 

«eCls* arithm . >. Prod‘s‘« sm Prod‘Prod "ἐκ, 
In virtue of *115°12, we have only to prove (under the hypothesis) 
éa's'« sm €a‘Prod‘‘« 
which, by *85°44, will follow from 
€a‘ea**x sm ea‘ Prod x 
which, by *114°52, will follow from 
eaf'x sm sm Prod‘‘«, 
Now Prod" = D,“eg'*x. 


Thus the correlator which will give our proposition will be Df s‘ea‘‘«. 
We have only to prove that this is a 1 -Ὁ 1, and the rest follows. 


"1153. F:«eCls*arithm. R,Sesfes'«. SR=DIS.D.R=S8 

Dem. 
F.*115°23.Dt:xceClsarithm.a,Bex.Rees'a.Seess8.D'R=D‘8S.3.a=8 (1) 
F.¥#115°27 484-4, Dts eCls*arithm.ace.R,Sees’a. DSR=D‘S.3.R=S (2) 
F.(1).(2). DF: «eCls*arithm.a,Bex. Reesta.Seess8. DR=D‘'S.3.R=S (38) 
F . (3). *10°11'23°35 . ¥40°11 .3 Ε΄ Prop 


#11531. F:«eCls'arithm. 2. Prod‘*<sm sm e4"« 


Dem. 

b.¥115°3 047155 #7213. Db: Hp.d.Dfs‘eseel ol (1) 
F.#33'431 . Dt. sfe,« CAD (2) 
F.x3711. #1151. Db. Prod‘'* = εἰ εκ (3) 
F (1). (2).(3).*111°402. 5+. Prop 

*115°32. Fs «eCls*arithm . 9. . e4Prod‘« sm esfes'x [#11531 . #11452] 

*115°33,  F:«eCls*arithm.>.es‘Prod‘«sm ea‘s'x [Ἀ118.82. 85°44] 

#11534. + 


ie Cis arithm. 2. Prod*Prod“‘« sm Prod‘s‘« . Prods« sm ea‘s'x 
[Κ116.88:19.93] 


This proposition gives the associative law for “ Prod.” 


The following proposition embodies the last three propositions. 
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#11535. k:«eCls*arithm.>d. 
Ne‘Prod‘ Prod = Ne*Prod‘s‘« = [I Ne*Prod‘‘« = IINe*e,"« = TINe‘s‘« 
[4115 '3433-32] 

In connection with Prod‘s‘« and Prod‘Prod‘‘x, there remain two pro- 

positions of sufficient interest to deserve proof, namely 
κε Cls* arithm . >. Prod‘s'¢ = s**Prod‘Prod“« 

and « ε Cls* arithm. 2. Prod‘Prod« = D“'Des%e,"x. 

Of these, the first is deduced from the second, while the second is proved 


by means of *114°51, putting D for the 7 which appears in that proposition, 
and e3‘‘« for the δ of that proposition. 


"1154 F:TPsrXel ol. sa CAT... ProdfT x= Το Prod 
Dem. 
F ¥111:14.%37°103.>F: Hp we TX, Ths‘ Nex8msmr. 


[¥e 14°51 .¥73°142] > cafes (Ll Te) en" (1) 
Εν (1). ἈΠ151.. «= DF: Hp. Dd. Prod’f**x = DT) Το κενὰ (2) 
b.437321-231. ΕΟ (ΤΊ ΕΓ ΤῸ - 1] Ε) 

[Ἀ87.39] - TDR (3) 
Ε. (8). κ481125.. DEL D(TH Pe) eae = TD egin 

[*115°1] = T*«Prod‘a (4) 
F.(2).(4). 34. Prop 


#11541. Fi, Sesr.DSR=DS.9, 5. R=8:3. ProdsD“r7A=D“Prod% 
[w15-47 ΤΙ δδ #7213 | 


T 
#115°42. F:eCls*arithm . 3. Prod‘Prod «= D‘‘Prod‘eq“x 
= DD es fee 
Dem. 
F.*11512. ODF. Prod’Prod“« = Prod‘D‘e,%« (1) 
Ε.Ἀ116.8.41. 9: Ηρ.9.. Prod‘D‘‘es«e = D'Prod‘ea« (2) 
[¥115°1] = DD esfeax (8) 


b.(1).(2).(8). DF. Prop 
#11543. b:x«e¢Cls?excl . >. Prod‘s*«=s*DM"Des‘ea*x 


Dem. 
F.*x115'1 . %85°28. 9 


F:Hp.2. Prod‘s'« = Ds"D‘ea‘ea*x 
[*41°43 ]| = sD)“ es ea’: DE. Prop 
#11544. -:«eCls*arithm.D. Prod‘s'«= sProd‘Prod« [*115:43°42] 


The following proposition is a lemma for #115°46. 
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#11545. Fia,8ex.qistans'B.J,p-4=8:29. 
(s|D)fPes‘eelL—+1.sf Prod‘cee1 —» 1 


Dem. 
Ε. 88 2, κ4018.2: Reegie.ack.2.RaCsa (1) 
b. #832 .43343. 5b: Reeste.aex.2.RaCs DR (2) 
Ε. *83'23 . 3 
Ε: Reese. acex.ve(sSDiRas'a).d.(q8).Bex.ceRB.xesa. 
[(1)] D.(q8).Bex. we RB. vesB.xes*a (8) 
F.(3). 9: Hp. Rees*x.aex.2:2e(s‘D‘Rasa).>.(q8).ceR'B.B=a. 
[¥13'195] D.ve Ra (4) 
F.(1).(2).(4). 3b: Hp.3: Reesie.aex.d.Ra=s'D' Ra sia (5) 
F.(5). : Ηρ. 3 :. R,Seeaie. sDiR=sD'S.D:acxn.3.. Ra= Sa: 
[33°45 80°14] 2:R=S:, (6) 
[#71-55.#72'13'161] 1. (s|D)fPesteel—l (7) 
F.(6).*37°63 .¥115°1.#3037. 3b: Hp.d:p,veProd‘x.s*w=s'v. ϑμεεν: 
(#71:55.*72°161] Dist Prodfeel—l (8) 
F.(7).(8).3+. Prop 
#11546. Fixe Cls*arithm. 2 .sfProd‘Prod«el—1 

Dem. 
Ε.Ἀ11614]1.9 
Ετα,β εκ Ἢ Ὁ Ρτοάα ἃ δ'Ῥγοα"β. 9. ἢ [δα ἡ 58 (1) 
F.(1).#115'22.5 
F:.eClstarithm. D:a,8ex.q!s'Prod‘an s‘Prod§8.3.a=8. 
[*30°37]} 2. Prod‘a= Prod‘8: 
[*37°63] D:y,veProd**.qistuasv.d.pmvi 
[*115°45] 2: 8} Prod‘Prod“‘*xel—+1:.3+. Prop 


The above proposition is used in dealing with products in relation- 
arithmetic (#17442). 


¥115°5. oF: Tf sXexsmsmar. 9. Prod‘e=TeProd‘a [#115°4.%111°14] 
*115°501. Ε: Ths exsmsmar.qy! Prodd’.2.Tf s*r e(Prod‘«)smsm (Prod) 
[κ}1δ᾽6 141. 111-14] 
#115502. Ὁ: Τῇ 8'(λ εκ διὰ δτᾶ α. 2, Τὺ δ΄ Ῥσυοάλ e(Prod‘«) sm sm (Prod‘a) 
Dem. 


ΓΟ «85°75. Db sgt Prod‘7.2. Ὁ) sfProda =A (1) 
F.#115'5 437-29. 5b: Ap.wg! Prod'7.3.Prod‘e=A. 

[*37-29.%40°21] > . s'Prodf« = (Tf sProd‘a)s‘Prod'% (9) 
Γ.(1). #7271. (2). #1155. e1111.5 

Fs: Hp.wg!Prod'x.>. ΤΊ s*Prod‘a ¢(Prod‘«) sin 5m (Prod‘y) (3) 


F.(3).#115°501-141.3+. Prop 
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*11561. F:esmsm2. 3. Prod‘«smsm Prod [#115502] 

The above propositions show how, in certain respects, Prod‘ is more 
convenient than ea‘. We cannot have e4‘«sm sm e4‘A, because ea“« is a class 
of relations, not a class of classes; and the correlator of ea‘« and ea‘ is by no 
means so simple a function of the correlator of « and A as Tef Prod‘x, which 
correlates Prod‘« and Prod‘x, in virtue of *#115°502. 


The following propositions are a continuation of those given in *114°601 ff. 


#1156. Fi (RM y)] BR Sfyel ol. yCAkh.yCa's. Ry, Sy ε Clsexel. 3. 
Prod‘ έν x Prod {Sy sm es" {(qz).zey- w= Re x Sah 


Dem. 
F.*115'12.#*113°'13.)5 
t: Hp.>. Prod‘ RM‘y x Prod‘S'ysm ea' Ry x 46 Sy (1) 
F.(1).*11464.95. Prop 
#115601. :(R“y)1 RS yelol.gyCOUR.g CAS. Rye Clsvexcl. >. 
Bi(qz).zey. p= Riz x 8:9] ε Cls excl 
Dem. 


F.*113-19,.36:Hp.2: 
zwey. Qi (Rex Sz)a (hw x Sw). 2. qi Rien Rw. 


[84.117 9. Κατ Rw. 
[#74°53.%30°37 } DI.z=wu. 
[*80°37] >. Bz x Siz= Rw x Sw (1) 


F.(1).*8411.9F. Prop 


*116-602. Ε: (Ry) 1 Ε, ΒΓ γε] - 1 γ ΓΕ. γ CAS. δ. ε Cls’ excl. 3. 
B{(qz).zey. p= R2 x Sz} ε Cls* excl 
[Proof as in *115-601] 
*115°61. Ε- (Ry) 7 R,Shyelwal.yCAR.yCAS. Biya SysA: 
έτη ε Cis* excl. v. SyeClsexcl: 2. . 
6° Rity ν Sy) sm Prod‘ {(qz).zey- = Ro x 52) 
[#115°601-602-12 . ¥114°65] 
#11862. b:(RMy)1R,Shyelol.yCUR.yCUS. Roya Sy=A. 
(ΒΒ ν 5:27) ε Cle? excl. 2. 
Prod{(Ri'y u είν) 5πι Prod‘fi {(qz). eye p= Rez x So} 
[xl 15-6112 . #8425] 
#11563. F:(RMy)1 R,SPyel— l.yCAR. yCAS. Roty, Sy ε Cls’excl . 9. 
Prod‘ R‘‘y x Prod‘S**y sm Prod‘@ {(qz).zey. μ.Ξ Rie x 522) 
[¥115°6°601°12] 


*116. EXPONENTIATION 


Summary of #116. 


In this number, we define “aexp,” meaning “a to the exponent 8,’ 

where ἃ and 8 are classes, as 
Prod‘a | “β. 
322 
Now Prod‘a | “8 consists of all ways of selecting one each from the members 
32 

of a] “8, 1.6. from the classes | y‘‘a, where ψ εβ. Thus to get a member of 

23 
Prod‘a  “β, take a set of couples x | y, where ἃ is always an a, and there is 

#3 


only one « for a given y, and y is each member of 4 in succession. Thus for 
each member of 8, we have Ne‘a possible referents; hence it is plain that the 
number of possible sets of couples consists of Ne‘ factors each equal to Ne‘a, 
and is therefore fit to be taken as defining (Ne‘a)%“*, 


The definitions of μ᾽ and (Ne‘a)N® are derived from the definition of 
aexp 8 exactly as the definitions of μον and Ne‘a+, Ne‘f, or of w x,» and 
Ne‘a x, Ne‘8, were derived respectively from a+ 8 and ax 8. 

The chief difficulty in this number lies in the proof of the three formal 
laws of exponentiation, namely 

BY X_ ME = μῆτοα, 
BT XQum = (pt XQv)™, 
and (μ᾽) = pene, 
The proofs of the second and third of these, in particular, require various 
lemmas; but there is no difficulty involved except the complexity of the 
classes and relations concerned. 


The definition of μ' is so framed as to minimize the necessity for the 
multiplicative axiom (see the note on *113°31 in the introduction to ¥113), 
We have 


*11636. b:.Multax.3:y4,veNC—t'A.xcevaClw.>. TINex=p” 

that is, assuming the multiplicative axiom, the product of ν factors each 
equal to w is μ' (assuming w and ν to be cardinals which are not null). 
If we had defined py” as the product of ν factors each equal to μ, we should 
have required the multiplicative axiom for almost all propositions on μή; but 
by taking the particular class af “2, we avoid the multiplicative axiom 


except in a few propositions. Among these few is the above proposition 
connecting exponentiation with multiplication. 


Cantor has defined μ' by means of the class of “ Belegungen,” 1.6. the 
class 


R(Re1—> Cs. D‘RCa. ‘R= 8) 
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which (#11612) =(af 8)s‘8. By *85°53 and *113°103, this class is equal to 
s(aexp β}) (as is proved in ¥116°13), whence, since ἐξα Θχρ β ε1-- 1, it 
follows (#11615) that the class of “Belegungen” is similar to aexp~. 
Hence our definition gives the same value of μ΄ as Cantor's. 


The propositions of the present number begin with various simple 
properties of aexp @. Its existence follows from 


#116152. Fi:vea.d.2] “Be (aexp 8) 
whence (*116'16) F .Cnv**8 χ “aC ἃ 6Χρ Ρβ, and 
*11618, Ετ.-Ἠΐα.ν. βελιξιηταοχρ β 
We have 
#11619. Fiasmy.@sm6.5.(aexp 8)smsm (yexp δ) 
in virtue of #11313 and *115°51. *116:192 shows that, if Rf y correlates 


a with y, and Ὁ ὃ correlates 8 with δ, then (Rj) Syh (8x7) is a double 
correlator of (aexp 8) with (y exp δ). 


We then proceed to a set of propositions on yw”, which are analogous to 
¥*113°2 ff. on w x,y. We have 


#116203. bi: qip’.d.p,veNC—- A. pve NC 
#11625. |. (Ne“y)Ne® = Νοί(γ exp 8) 
and various other less useful propositions. 
We then have various propositions on Ὁ and 1 and 2. We prove 
#116301. Fi: με ΝΟ --ἰλ. 3. μ Ξ 1 
#116311. ΕἸνε ΝΟ--ὰ -- κὉ. 2.» πὸ 
4.116.321. ΕἸ με Νύ --κἰΔΛ. 3. μ' τ βιαμ 


(Observe that sm‘‘» is the same cardinal as μ, but rendered typically 
ambiguous.) 

#116331. FiweNC-—tA.3.1=1 
#11634. Ε΄ μτε μαὶι χομ 

(This proposition does not require that μ should be a cardinal.) 

After the proposition (#116°36) already quoted, on the connection of 
exponentiation and multiplication, we proceed to a set of propositions on 
the case where a number of classes are all given as similar (by assignable 
correlations) to a given class. In *116°411, we prove that if « is a class 
of mutually exclusive classes, each of which is similar to a given class γ, 


and if, when aex«, M‘a is a correlator of a and y, and 7’ is the sum of M‘‘x, 
then 


—> 
Nofeg! Το = Ne‘ a"y = Nex exp y) = (Ne‘«)¥°%, 
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This is a further connection of multiplication and exponentiation. (On the 
purport of this and following propositions, see the explanation preceding 
%116°4.) In *116'48, the hypothesis is somewhat modified. We still have a 
set « of classes which are all similar to y, but the correlator for a given class 
a is not given as M‘a, but is given as M‘w, where w is a member of a class ὃ 
which is s{milar to «. Then «<=D“M"6. We assume that Mf ὃ isa one-one, 
and that if M‘w and M‘v have domains which overlap, then w=v. Thus « is 
a class of mutually exclusive classes, each of which has Ne‘y terms, while 
« has Ned terms. Then it is proved in *116°48 that 
Prod‘D‘*M«é sm sm (y exp 6). ΠΝ: ὃ = (Nefy) Ne, 

This proposition and another (*116°45) which follows from it are useful in 
proving the formal laws of exponentiation. The proof of these occupies the 
following propositions from *116°5 to ¥116°68. We have 


#11652. fF. xy pe? = perc? 
#11655. Ff. un? x, v7 =(p x,v)™ 
#116°63. Ε΄ μ’χοῦ = (μ)ὴτ 

An extension of the first of these is 
*116°661. |. TI Ne‘(a exp)'« = (Nefa)2Xe 

Here the number of members of « need not be finite. The purport of the 
proposition is as follows: Let 8, y, ὃ, ... be the members of «; form aexp 8, 
aexpy, aexp 6, ..., and take the product of the numbers of all these; then 
the resulting number is the same as if we first took the sum of the numbers 
of all the members of «, thus obtaining (say) a number yp, and raised Ne‘a to 
the wth power. 

An extension of *#116°55 is given by *#116°68, where we prove 

Fk: «eCls* excl. >. IINc‘exp ye = (ΝΟ ΟΝ, 

There is no analogous extension of *116°63. 


We prove next Cantor’s proposition (which is very useful) 


¥*116°72, Ε΄. NefClfa = Nea 

1.6. the number of combinations of «4 things any number at a time is 24, 
(Observe that » need not be finite.) The remainder of the number is con- 
cerned with consequences of this proposition. 


*11601. aexp β = Prod‘a  ““β Df 
#11602. μ' Ξ ἢ {(qa,8).p=N c'a.v= N,cf8.ysm(aexp§)} Df 
Ἀ1160608. (Ne‘a) = (N,cfa) Df 
¥*116-:04,  uNe'B = Nos Df 
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*1161. [-:&e(aexp£). =.(qR). Reea‘a | “3.E=D‘R 
[¥115°1 . (#116-01)] 
“#11611. F:.€e(aexp@).=iye8.d,.ant(elyebel:ECRxa 


Dem. 
F.*113°'111.11511.5 


ri. ξεία θχρ β)Ξερεα  “β.3, ρα ξετιξορα [“8: 


[¥88°'2.41131] siyeB.d,.Lyanéel ECB xa (1) 
Εν 57.6.9 

bi Lyfangel.=.Ri(qe),cea.R=ely.Rekjel. 
[#13193] =. R(qe).vea.clyeksRaalyjel. 
[*37°6] =.ly@(vea.xclyecbel. 

[¥73°611'44] Ξιϑίωμεα.ὦ ἡ νεξ)ε}] (2) 
Ε. (1). (2). DF. Prop 


#11612. +. (at 8)s\8=R{(Re1+Cls.D‘'RCa.d‘'R=8} 
Dem. 


.x8014. DF: Re(at @)s8.=-ReloCls.REatB.G'R=P. 


[*35'83] Ξ. ΚΕἸ --Κ ΟἹ. ΘΕ ΤΌ α ARCS .AR=8. 
[κ22.42] =.Hhel—+Cls. ΠΕ ς ὰ. πὶ β 132}. Prop 
*11613. Ε. ἐπ(α εχρ β) Ξ (α 7 β).8 
Dem. 
Ε. #8553. 2b. (at β)."Ἐ = 8D ena 7 B) IB 
[¥113-103] = 8 Ditesla | 8 
[1 15°L.(#116-01)] = §(aexp 8). D+. Prop 


(af 8)s‘8 is the class of one-many relations whose converse domain is 
8 and whose domain is contained in a This is what Cantor calls the 
“ Belegungsmenge,” and is used by him as the definition of exponentiation, 
In virtue of *116°15, his definition gives the same results as ours, 


*116:131. |. sf (aexp @)e {(a ἢ A)a‘A} 8 (a exp 8) 
Dem. 
b, #84241 .*#113:103. 9. (8 ε Cls* excl. a ἡ “B= (at BUR (1) 


Ε.(1). κΒδι4 2. ΕΜ Meesal “8.sDiM=sDNV.3.M=N. 
+P) 


[80°37] >.D'M=DN (2) 
Εν. (2), *87-63 . Κ1161.. (Ε11601). Db: p,ve(aexp8).sp=so. Dd. μεν: 
[47 1-55.«72°163] Db.sf(aexpByell (3) 


F.(3).#11613.3+. Prop 
*11614. |.(aexp 8)sm εἰα | QB  [¥#11512. #113111] 
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*11615. |.(aexpA)sm(aft β)β [ἘΠ16181] 
*116°151 is a lemma for #116°152. 
#116151. Fivea.d.ar]} Cav‘(a ὦ Bye ea‘ar | «8 


Dem. 
F .*113°105 .*72184.3+:Hp.d.e]| Cav“(al tT eyel—Cls (1) 


Εν. #341 S81. Dt: Hp.3: Rix || Cava} Γβὴ}λ.Ξ. 

(αν). R=ely.yeB.rA=aly.vea. 
[438-21] >.Rer (2) 
f.487322401. DF. Oe] |Cav(al PA =al 8 (3) 
Ε. (1). (2). (3). #8014. DF. Prop 
#116152. F:2ea.3.x] “Be(aexp 8) 


Dem. 
Εν *37°32.*35°65. Dt. D {a {| Cav‘(a} TAl=al “8B (1) 


F.(1).#1161511.9F. Prop 
#11616. +.Cnv 6] “aCaexp@ 
a3 


Dem. 
Ε. ¥116152.%5514. 5b: cea.3.Cnv | vB e(aexp). 
[*38°2] >.Cnv“8 | ce (aexp8): IF. Prop 


The above propositions are useful in establishing existence-theorems, as 
appears in the following propositions. 


¥11617. F:q! BI “a. 2.qiaexpS [*116:16.%*37-47] 
"116171. F:s.qia.v.B=A:d.qlaexps 


Dem. 
Ε...118.118. κ88.15...κΚ5}0161. 3%: 8=A.3.qlaexp8 (1) 
F. #116152. Ikiqta.d.qlaexps (2) 
F.(1).(2). DF. Prop 

#116172. Fi.qiaexpB.O:rqla.v.B=A 

Dem. 
e831]. 9h: Hp. drAveal “8: 
[#1137112] Din(a=A.qif): 
[*24°51] Diqla.v.@=A:. OF. Prop 


*11618. Fi.qla.v.@=A:=.qlaexp@ [*116171:172] 
#116181. F.aexpA=ttA 
Dem. 
F.*113-113. 5b. a exp A = Prod‘A 
[¥83°15.*33°241 | =t'A.IF. Prop 
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#116182. ΕἸ gi @.d.AexpB=HA [#l1B112.%*83-11] 
#116183. F.s‘(aexp B)=B xa 


Dem. 
Ἐ...11514]. #11618. Ska qla.v.8=A:D.8(aexp8)=s‘al “8 
33 
(*113°1] =Bxa (1) 
F. #116182. Dhkna=A.q!fB.d.s(aexpBy=A 
[Ε118:114] Ξβχα (2) 


t.(1).(2). 55. Prop 


#11619. -:asmy.@sm6é.5.(aexp 8)sm sm (γ exp δ) 


Dem. 
F.*11318.5+:Hp.d.al “Ssmsmy “ὃ. 
23 33 


[*115°51} >.(aexp 8)sm sm (yexp 8): D+. Prop 
*116:191. +: Reasmy.Sefsm6.5.(R|, S\N x ye(aexp β)5πὶ τα (γοχρ δ). 


(ΒῚ Sey exp 6)=aexp@ 
f#113°127 . "115-502 . #116183] 


#116192. +: Rf yeasmy.ShdeSims.d. 
(2 || 57} (8 x γ) e(a exp 8) sim sm (y exp δ). 


(B || S)eP (y exp δ) e (a exp 8) Si (y exp 8) 
[113-127 . #115502. 4116183 . #111-15] 


*116:194. Ε: Bh ycasmy.SfdeBsmd.d. 
D (Β} 57} {Cy T δ). δ} εἰ(α T B)a‘B} Sai [(γ 7 δ). δ) 
em. 
Εν. 11612. 3: Hp. d.sD"(y 1 δ)δ ον. “(Ὁ δ) δ ὃ. 
[A747 73473142] 5ὅ.(85}} (( 1. δ)48] ε 


| {(R | Sy 1 δ).46) SHH ((γ 8)a48} (1) 
Εν #116192 .#111-14. +: Hp. >. aexp β - (Β ] S)e“(y exp δ). 


[#11613] > «(af 8): B= (BR || S)e(y exp 8) 
[43°43] = (B || S)s“(y exp 8) 
[#116°18] = (Rj S)“(y T 8)a‘d (2) 


t.(1).(2). 34. Prop 


The following propositions (down to *116°27 exclusive) are the analogues 
of propositions with the same decimal part in #113. 


«1162. biFep’.5.(qa,8).~=N,cla.v=Nic'8.Esm (aexp β) [(*116-02)] 


#116201. bs. fep.=:p,veNC:(qa,8).aen.R8ev.&sm (aexp§) 
[x116-2 . «103-27] 
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κ116202 


4116208. 
#116'204. 
#116:205. 


*116°21. 
#11622. 


#116'221. 


*116°222. 


*116°23. 
#116:24. 
#116'25. 


*116°251. 


*116°26. 
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Ἐπὶ Few =rqiv.giv:(qa,8).~=Nea.v=Ne'f. Esm (a exp 8) 
[Proof as in *113'202] 

bsgqip*.Dd.pjveNC—iA.pveNC («1 16-201-202-2] 
brapeA.vevp=A.vir(pveNC):2.y"=A [116-203] 
Pim(pveN,C).2.u7=A [*116°203] 

bp, peNC.>:£ep".=.(qa,8).aep. Bev.€sm(aexp@) [*116°201] 


bs Be (No (n)ty}NoOs. =. qt Ne(n)‘y . 8.1 Ne (£3. Em (γ exp δ) 
[Proof as in *113°22, using *116°19 im place of *113°13] 
tsa tNe(m)*y.qt Ne (2) δ. 3. {Ne (n)fy}NoG)* = Ne“(y exp 8) 
[¥116-22] 

» (Nicky) Nec’ = Ne(y exp δ) [Proof as in #113222] 


+ 

bt. we NC [Proof as in *118°23] 
Εν (Ney) Nee = (Nycfy)¥oo ——[(#116-08-04)] 

Εν (Nefy)Ne® = Ne(yexpd) [#1 16°24°222] 

Εν (exp δ) e(Nefy)Ne® [116-25 . x100°3] 

+ 


1p, ve NC. rq ism,“p.qisme‘y. 9.μ'Ξ (δι, μ)πρν 
[Proof as in *113'26] 


This proposition shows that we may raise or lower the types of » and ν 
as we please, without affecting the value of yz”, provided y and », or rather 
sm‘ and sm‘‘y, exist in the new types. 


*116'261. 


bsp, veNC. 9. pr = {we} = {up} = ete. [Proof as in #113261] 


Here “ete.” covers any derivative of « or » whose existence follows from 
that of μ or ν. 


*116'27. 


bey? =F (qa, 8). n= Nota.y=Neot@ «Eom (af 8)s48} 
[M116-15 . ¥73°37 . (€116-02)] 


#116271. FspveNC.aep.Bev.d.(aexpByep” [#11621] 


#116°3. 
Dem. 


t.(Nefa)?=1 


Εν. #10171. #11625. 9+. (ΝΟ. = Ne(aexp A) 
[4116-181] = ΝΑ 
[#1012] =1. 96. Prop 


#116301. Ε:μεΝΟ-- κα. 2. μτΞΞ 1 [Proof as in *113'601] 


#11631. 
Dem. 


b:BtA.D, ON =O 


Εν 1011. 4116-25. D+. ONe® = Ne(A exp). 
[#116182] D+: Hp. Dd. ONe# = Neva 
[*101°1] =0:D+. Prop 
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#116311. b:veNC—t'A~10.3.0"=0 
Dem. |+.#103'34.%1011.3F:Hp.3.(q8).B8+A.v=Ne'8. 
[*#13°12°15] >. (GB). BEA. 0" = ON’ 
[*116°31.(*116-04)] ΞΘ ΘΕῸ Prop 
*116:32. Ε. (ΝΟ) = Νοία 
Dem. .#*116:25. 4101. >. (Ne‘a)! = Ne“{a exp (*)} 


[(#116°01)] = Ne‘Prod‘a L iat ha 
3 
[4115°142.%53°31] = Ne‘t“‘a 4 x 
3 
[#113'11.*100°6] =Ne‘a, D+. Prop 


#116321. ΕἸμε NC—t'A.D.pi=sm“p [#11632] 

It would not be an error to write “y}= μ᾽ instead of “pi =sm~” in the 
above proposition. For if the “sm” is typically determined so that sm“ ε ¢t“p, 
then sm“,=y. Thus in virtue of #116321, μὴ τ is true whenever it is 
significant. But the above form gives more information, since it preserves 
the typical ambiguity of μὲ and sm“. 


#11633. +.1N#=1 


Dem. +.#*11311. Dkrael.Dd.al “scl. 
32 
[Κ118144.Κ10123] >.NeProd‘a | “B=1 (1) 
23 
Ἐν (1). #1012. DF. Nei(ifr)exp 8} =1 (2) 
b. «L012 . #11625. Db. Ne = Ne‘ f(t‘) exp B} (8) 


Εν. (2) .(8). 9 Εν Prop 
#116331. ΕἸμεν6-- ΔΛ. 2.1. 5] 
Dem. +.*10334.>+:Hp.d.(q@)-w=NiectP. 


[4131215] >. (qB). 1H = LN , 

[(*#116°04)] ᾿ >.(qB)-w=H1N*, 

[¥*116'33] >.1=1:3+. Prop 
#11634. b.w =p xp 

Dem. 

Εν 3241, Κ]01 8. 5b. A UiVe. 
[*116°222 | Dekip=N,cfa. Dd. = Ne‘Prod‘a | “«(μλυ τ) 
[*53°32 ] =N efProd(u‘a | Avie ἰ V) 
[#115°13.455'233.438°2] =N ea} Axa 4 V) 
[*113°11-25-13] = Ne‘a x, Ne‘a 
[*113°24] = fl Xo fe (1) 
b.(1).*108-2. Db: peN,C.d. pt =p %ou (2) 
F.#116205. DkipreN,C.3.2=A 
f#*113'205 ] = χορ (3) 
F.(2).(8). D+. Prop ; 


R& WII 10 
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411635. bi pr=0.=.n=0.veNC—-10—-1A 


Dem. 
b. #116311. Dk: p=0.veNC—10—0A. Dp? =0 (1) 
F.xf0L12. Dip =O0.D. qty. 
[*116'203] ϑιμνενΝΟ-ι (2) 


Ε. (2). #116°21 . #54102 .5 
bs. y"=0.5:F=A.=.(qa,8).aepn.Bev.&sm(aexp®): 


[*73°47] D:(qa,8)-aeu-Bev.aexpB=A: 

[*116°18] D:(qa,8).aep.Bev.a=A.B+A: 

[¥13°195 | D:Aepev$eUA. lv: 

(*101°1.*%100°45.(2)] tp =0.veNC~—eA-20 (8) 


F.(1).(8). DF. Prop 


#116351, Εἰ: peNC—U'A.e=A.v=0.3.p"=DNeKe=1 
[4116301 . #1142] 


#116352. Fipp=O.veNC—i'A.cevi. Aen. d. p= TINe‘x =0 
[¥116-'311 . 4114-23] 


#116°353. bi: w=O.veNC—t'A.cevaClw.2.y7=IINex 
Dem. 


+ .#60362.4541. Dk Hp. die=A.veeeutA (1) 
Εν «10045 241011. D+: Hp.c=A.3.v=0. 

[#116351] 2. μ' = TINe‘« (2) 
+. #5116. DF:Hp.c=UA.D. Ack. 

[#116352] D>.’ = TINe‘n (3) 


Εν (4). (3). (3).9 ΕὈ Prop 
4.116.36. /:.Multax.DipveNC—U A. κενὰ Cly.9. TNe% =p’ 
Dem. 
F .#113°12.410045. 3b tp veNC.aep-fev.qla.d.al “Bern Clin (1) 
b.(1).4114°571. Db: Multax.o: 
u,veNC.aen.Bev.qta.cevaClp.>. Ne‘ = TNefa | “8 


[*116:14.4114-1] = Ne‘(aexp 8) 

[*116-271] Ξε μ' (2) 
Ε.(2).9 

Fs. αν αχ ϑῖμιν ε ΝΟ -- Δ΄ πα μ-τ- λοο κεν Ομ. 3. ΠΝοίκ τε μν (8) 
Ἐν Κῦ1᾽ 4. κ841. ῈἘ με ΝΟ--κΔιυπ  μπλιϑιμεο (4) 
+. (4).#116°353 . 5 

HiypveNC—lA wg lytA. cevaClw.>. TNee =p (5) 


Εν. (3).(5). DF. Prop 
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In the above proposition, “νε ΝῸ is sufficient hypothesis as to v, since 
“p+ A” is implied by ceva Clu. But pea is essential, since if «= A, 
μ'" =A and «= A (provided ν = 0), whence TNe‘« = 1. 

The above proposition connects exponentiation with multiplication. 
#116361. Ε:. Μυ]θαχ. 3: μινε ΝΟ -- ἐλ. κεν ἃ Clexcl*n. 2. Prod‘ ep” 

Dem. 

Γι. 11512. 5Ε κεν ὦ ΟἹ χα μ. 3. Prod‘x ε IINe‘x (1) 
F . (1). #11636. 5+. Prop 

The following propositions, which illustrate certain generalizations of the 

relations of rows and columns, may be made clearer by the accompanying 


y= OR 
R= Mw 
D‘R=D*Mw 
5 e e * . e c= DOr 
. , , . = D«“M«s 
ΕΝ e a ᾿ 
τυ 


figure, in which, for the sake of simplicity, all the classes concerned are taken 
to be finite. 

Let « be a set of classes, constituted by four rows of five dots in the 
figure, which are each given as similar to a given class y, represented by the 
top row of five dots in the figure, namely the row enclosed in an oval. We 
assume that an actual correlating relation is given correlating each member 
of « with y, Let A be the class of these relations, and assume that A consists 
of one correlator for each member of «, and that «e¢Cls?excl. Thus D“r’=«, 
and RerA.D.0‘R=y. Put T=sr. Then, if zey, Z' relates to z every 


— 
member of the column below 2, 1.6. 7*z consists of the four dots which are 
vertically below z; assuming, what in the circumstances is possible, that each 


-- 
dot is placed below its correlate in y. Thus 7‘y represents the columns, 
while D*‘X, represents the rows. 


. =~ a 7 s 
We prove, in *116°41, that 7*‘y, the class of rows, has double similarity 
with Δ ὶ “fy, or, what comes to the same thing, with « | “y. Hence it follows 
33 


that 7*‘y, which is the whole class of dots, is similar to yx) or y x «, and 


- ‘ ᾿ 
that Νοίεδ" 7 ψ, which is the product of the numbers of the columns, is equal 
10—2 
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to (Ne‘A)NeY or (Ne‘«)Ney, The correlator which is used for proving these 
propositions is W, where, if R is a member of and z is a member of γ, W 
correlates A‘z with FR | z. 
Similarly, by correlating R‘z with z JR, calling the correlator U, we 
have U** | Ry = Réty, ve. ἐγ | R= D‘R, whence Uey | “A= D‘r. Hence 
33 33 
D, ἐδ. the class of rows, has double similarity with y | “A or y | “«, whence 
33 33 
the product of the numbers of the rows is (Ne‘y)Ne* or (Ne‘y)Ne*, 

Finally, we take a class ὃ similar to « or A (illustrated im the figure by 
the column of dots enclosed in an oval), and calling M a correlator of X and ὃ, 
we replace ἃ by M“6 and « by D“*\M“é. We thus find that, if Mf ὃ corre- 
lates with 6a class of relations whose domains are mutually exclusive, and 


which each correlate their domains with a given class y, then D‘‘M‘‘S has 
double similarity with vt δ, whence the same results as before with ὃ in 
3 


place of « or X. 
The following propositions are useful in connecting multiplication with 
exponentiation, and in proving the formal laws of exponentiation. 
*116-4-401 are lemmas for *116°41. 
#1164 FiAC1L 91: #8 Ses. qi DRaDS.329.R=S8: 
TC tty, W =P ((qR,2).Rerd.c=Re.P=RI 2) : 
>.Wel—-+1.0Wayxrd.DSW=D5% 
Dem. 
b.#21°338.53¢:.Hp.d:e@WP.cWQ.=. 
(qh, S,z,w) R,Ser.2=Re=Sw.P=R1z.Q=Slw. 
[#33'43] =.(7Rh,S,2,w). RB, Ser.¢=Re=Sw.reD‘RaDsS, 
P=R)z.Q=Slw. 
[Hp.*13'195] 2.(qh,z,w).ReXr.2=Re=hw,P=KRiz.Q=Rlw. 
[*71-532.413:195]5.(qR,z).Rer.2@=Rz.P=Rlz.Q=Riz. 
[*13-272] >.P=Q (1) 
F.#*2133.9b:.Hp.d:¢WP.yWP.=. 
(qh, S,z,w). Rh, Ser.2= Rz.y=Sw.P=Rlz=Q]w. 
[#55202] 3. (qR,S8,2,w). ἢ, Ser.2=Re.y=Sw.R=S8.2=w. 
[41322172] D. aay (2) 
433131. 5b: Hp.3:PeQ‘*W.s. (qu, R,z).Rer.c=R2.P=Rl 2, 


[*71-411] =.(qh,z).Rer.2eUR.P=R] 2. 
[Hp] =.(qf,z).Rer.2ey.P=R :. 
[#113-101] =.Peyxr (3) 
Γ. 8818. Dh: Ap. d:e2eD°W.=.(qP,R,2).Rer.2=R2.P=RYz. 
[*55:12.*7 1:36] =.(GR,2z).RerX.2Rz. 


[κ4111..κ83.13] 
Εν. (). (8). (8)- (4). DF. Prop 


ee D&E (4) 
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*116401. Ε: Hp«*ll6-4.7=8r7.3 Pity = Wer | My 
33 


Dem. ἔ. «37111 88.2.2 τ. Hp.zey.2: 
a € Were. (qR).Rer.e2W(k 12). 


ΠΙ 


[%*21°33] =.(qB,S,w).R,Ser.2=Sw.R)z=Slw. 
[¥55°202.413°22] =.(q@R).Rerx.c= Κίς. 

[*71°36] =.(qR).Rerv.ahz. 

[*41-11] =. δ (ἐλ) 2. 

[Ηρ.κ82:18] =. ne Te (1) 
Εν (1). «37°68 .>4. Prop 


#*116-41. ἊΝ .Χ(]--}} αὐλοί, ΘῈ ΠΡ ΚΒ Δ DSS, Pp. gs R=S:T=sr: 
>. Tey sm sia d | My. Bey amy x «J TeCls—1. Tey ε ΟἿ᾽ excl « 


D Ne ΤῈ fy = N eT uy =N ofProd‘ Ty = Ne“(A exp y) = (Νολ) νον 
em. 


Εν 4116-4401 112-4 113-1. Db: Hp. Dd. Tey sm smd Jy. (1) 
[111-44.%40°5 | >. T“ysmy xr (2) 
Εν #72921 #8514. DE: Hp.d. Te Οἷον 1. Neves Ty NetTaty (8) 
b. (3). #8451 . 2+: Hp. Psy e Cls* excl, > (4) 
[#*115-12] 2. Νοίελ Τί = Ne‘Prod’ 79. (δ) 
Εν. (1). 142. OF: Hp.d. Notes Try = Nefea‘r ὦ fy 

[#11614] = ΝΟ exp y) (6) 
[*116-25] w= (Nef) Nev (7) 


εν (1). (2). (3). (4). (δ). (6). (7). DF. Prop 
The following proposition is merely another form of *116°41. 
*116-411. F: ined excliaex.3,.-Macasmy: T= MK >. 
Tey smsm Καὶ ᾿ ἐγ. Το smy XK. Pe Cls—>1. Fey e Cls* excl . 


- ὦ 
᾿ Νοίε, "Τί = Ν οι = Ne*Prod‘ Τί = Ne‘(« exp y) =(Ne“«)Ney 
Dem. 


.#73°03. DE: Hp.d.M“eCl—ol. Me Ci’y (1) 
b.aLIL16.5>+:Hp.3:4 Bex. Ma=MB.3.a=8 (2) 
b.#1421. Dk: Hp.diaex. 9d. El Ma (3) 
F.(2).(8).*73'24. 5+: Hp.d.M“«sme« (4) 
b.#7303. Iti Hp.diaex.d.D‘'Ma=a: 

[*13°12] D:a,Bex.q!D‘ManDMB.d.qlans. 
[84°11] 3.α--β. 
[%*30°37.(8)] >.Ma=Mp: 
[*37°63] 2: R,8eMn.qgiDRaDS.>.R=8 (5) 


b.(1).(4)- (5). 116-41 “— #11313 . #11619. 3. Prop 
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t 


#116°412°418 are lemmas for *116°414, 


4116-412. Ε: ΟἹ 91: BR, Ser. qiDRaDS.9p5.R=S:Gacuy: 
U=8P ((qR,2z).Rer.2=Riz.P=24 Rh: 
2. Ve(s‘D 2X) eM (A x x) [Proof as in *116°4] 
#116413. +: Hp*116412.9. D*r7= ely | “) [Proof as in #116401] 


*116-414. Ε: Hp *116-412.5. ὕ (0.2) smém (γ | 2). (DA) smsm (χὰ ((Χ) 
[¥*116°412-413] 
#11642. FACILI: R,SeA. qi DRaDS.525,.R=S8:TarxCiy: 
>.D“r sm sm (yt “Ἃ), (D‘SA) sm (A x y) » (ea*DSA) 8m (γ expa). 
Ne‘Prod‘D‘X = HNe‘D*A = (Nesy)Ne* 
fe116°414-25 . #21551 . 111744 . 41°43] 
#116422. Ε:. MP Sela: wved. qi DiMwa Ὁ Μύ. ἢ, νυ τευ: 
web.dy. Mwel +1. συ τε 9. DE MSam sm y ἡ “ὃ 
Dem. 
b. 116-42 us .2 


br ΜὴΗδ(] -- ἘΚ, δε Με δι ΒΕ ἃ Ὁ 5. 55... ἔτ 8 : ([“ὃς iy: 
Ὁ. ΠΛ δοιαβαγ ΚΜ δ (1) 


Εν 1421, It: Hp.diwed. Dd. ΕἸ Mw: (2) 
[*33°43] ϑιδΓΠ ΠΥ: 

[5:7315] >: ( λ΄“ “δὴ)5 ὃ (3) 
ἔν 66}15., Dt: Ap.diwed.2. ΠΛ κσειγ: 

[18761] D>: OMS ς fy (4) 
b.(2).*38037.3: Hp.d:w,ved.q! ΜΠ Δ DiMYy.3,,.-MwsM: 
[*37'63] D:B Se MS. qt DRaD8.325.R=8 (8) 
Ε,.(1). (4). (5). 3+: Hp. 3. DMs smsmy { «MS, 

[(8).*#113:13] >. D“MSsm sm Ὑ L “S: 25. Prop 


#11643. b:.MpPSel—wl:iu,ve δι ΓΜ Α DMV.9,,.w =v: 
wed.2y.Mwel— >). GMw=y: 
>. Prod‘D*M**§ sm sm (γ exp δ). LINe‘D“ MS = (Nety)Ne* 


Dem. 
#11551. *116-422.5+: Hp. >. Prod“D“M* sm sm (γ exp δ) (1) 
Ε. #116422 .*11452. 5b: Hp. >. TNe‘D“M“S= LINe‘y | 8 (2) 
33 
bo *116°14-25 . D+. TENety | 8 =(Nefy)Ne® (3) 
32 


F.(1).(2).(8). 3+. Prop 
The above proposition is used in *116°534°61. 
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#11644. Ετ: α ἴγ : (2), Μω2ε1- } ΕΜ] ἘΞ }Κ : 


w,ved. ἢ l( Mw) ty a (Mv) y. Duy WU 
>. DT ΜῊ δ sm gm L “δ. Prod‘D“ F “MS sm sm (γ exp δ) 


Dem. 
Ἐν «71°29. 85.65.2 
Fs. Hp: (6). N2=(M2)fyid. (2). Mizell. ΠΛ τὸν (1) 


t,«87'401.3b:.Hp.Hp(1).d:w, ved. qi DSNw a DING.5,,.w=0 (2) 
b.«85°7- D3. Hp.Hp(1).d:rey.w,ved. Nw=NV.3.( Nw) e=(N 0) 2, 


[(2)] I.w=v (3) 
Εν (8). #10°11-23:35.>:. Hp. Hp(1).3:u,ve8. Νωτ Νυ. 2 τευ! 
[7156 166] >: NpPsel—1 (4) 


Ε. (1). (2). (4). 116-422 . #11551. 
t:Hp.Hp(1).9.D“N*osm smy 4 “δ, Prod‘D*“N“Ssm sm (yexps) (δ) 
+. 44.98.11. 9 Ὁ Ηρ. Ηρ (1).3. ΝῺ Ξ θ.[ γ “2. 
[*37°353] >. DSN= DP yy! MS (6) 
t.(5). (6). +. Prop 
#11645. bi.(z). Mell. dU‘Me=V: 

wved.ql (Mew) yn (Mov) y. Dy, y.w=01D. Prod*D“ fy“ Mésm(yexps) 

Dem. 
~*116°182 . #115142 . 81.29.9 
:Hp.y=A.qtd.3.ProD“~y*MS=A.yexpdé=A (1 
-#*115°1 . #8315 . #116181. 3 
:Hp.d=A.5. ProdSD “fy MS sul A .yexpd=ttA (2 
Ε. (1) (2). #11644. Db. Prop 

The above proposition is used in *116°676. 


TT τὶ +s 


We have now to prove the three formal laws of exponentiation, namely 
BY Χομ = pr ro®, 
BT XT = (pp XQv)", 
and (wr)? = prXew, 
Of these the first is an immediate consequence of the distributive law, while 
the second and third result from forms of the associative law of multiplication. 


*1165. F:8ny=A.>.(aexp§) x (aexpy)sma exp(8v y) 
Dem. 

Ε.Ἀ115.191.9 
K:Hp.qta.d.al “Banal “y=A. 


[*114'301] 3. car | “β χ caf | “yam ex(a | “Bua | “y). 
32 33 2 

[Κ116114.118.18] >. (a exp B) x (a exp ry) sm ea(a | «<8 ω a | Say) , 

[%37°22] >: (aexp 8) x (aexp y) sm ea‘a | “(Bury). 


[*116-14] D.(aexp 8) x (aexpy)smaexp(Bv y) (1) 
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bt #116182. 5b ra=A.q!@.>d-aexpBoA. 

[¥113°114] >. (aexp 8) x (aexpy)=A (2) 
+. #116182 .#2456.Dk:ra=A.qG!8.3-aexp(Buy)=A (3) 
Ε.(2).(3). Dk:a=A.q!8.>.(aexp@)x(aexpy)smaexp(Su 7) (4) 
Similarly bra=A.qly.2.(aexp8)x(aexpy)smaexp(Bvy) (δ) 


F. «116181. D+:a=A.B=A.y=A.). (aexp B)x(aexpy)=UAxeA (6) 
Εν. 116181 Dk:a=A.B=A.yH=A.d.aexp(Byy=uaA (7) 
Ε.(θ). (7). 4113-611 . *73°43 2D 

Fia=A.B=A.y=A.).(aexp 8) x (aexpy)smaexp(Svuy) (8) 
+. (1). (4). (5).(8). 3+. Prop 


In the last line of the above proof, *73°43 is required because the two A’s 
involved have not been proved to be of the same type. They are in fact of 
the same type, but it is unnecessary to prove this, 


#11651. Ε΄ (α 6ΧΡ 6) x (aexpy)sm aexp(8++¥) 
Dem. 
+. #11619 .*11012.5+.(aexp8)sm(aexp | Aj“). 
(aexpy)sm (aexpAg | ‘tffy). 
[*113°13] Dl. (aexp 8) x (aexpy)sm 
(aexp | A,“tB) x (aexpAg | ey). 
[*110°11.4116°5] D+. (aexp 8) x (aexp y)sm 
aexp( JAI Bu Ag) iy) (Ὁ 
+. (1). (#11001). 3. Prop 


Κ11662. bey χομδ- peter 


Dem. 

b .4116°51 . *110°22.5 

b (ΝΘ )Noc® x, (Nootka) Net = (Ny cha)Noc'a te Noo’y (1) 
F.(1).*108-2. ΕΣ μιν ΝΟ. 2. pm’ x, wt =p te™ (2) 
F. #116205 .*#113'204. 9 

bkrpweN C.D." xo p7=A=prte™ (3) 
Εν *#116°205 . *¥113'°204.5 

Ετρυίν, oe N.C). Dd. μή xpu7=A (4) 
Εν #1104. #116204. Db τευίν, α ε NC). 9. μηοσ τ A (5) 
Ε. (4). (δ). Db τῦίν, we NC). 3. μ' x, e7 apr tet (6) 


F. (2). (3).(6). D+. Prop 
The following propositions are lemmas for 
BT X,vT = (pp X,v)". 
The principal previous propositions used in the proof are #115'6 and «11643. 
The proof proceeds as follows. 
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(aexpy) x (Bexpy) is Prod‘a | “ry x Prod‘@ L “ἐγ. This, using #115°6, 
33 2 
and putting a } ,B ὶ in place of R and S of that proposition, is similar to 
exh {(qz).zey.waalzx Al zl, ce to es [(qz).zey.p=l2ax | 2B. 
22 32 


Now by #11365, putting R+=RI|R Dit, | 2Max | 2@=( | at (ax β.. 
We now apply *116-43, taking (| 22} as the Mz of that proposition, or 
tather, taking (| z)t{(ax 8). Thus we find 

es {(qz). zey. p= σα χ | 293 β[} 8 (ax B)expy. 
Hence our proposition follows. 
*116529. R+=R||R Dft [116] 

In «150, this notation will be introduced as a permanent definition. For 
the present, we only introduce it to avoid (| z||Cnv‘ | 2), which is awkward. 
#11653. Fiqia.qI8@.>. 

(α ΘΧΡ γ) x (exp y)sm eaf (qz).zeye p= αὶ 2%ax | 2B} 


Dem. 
F.#113-104111.3F.yC Cal yCOB Lal 8 | ye Cls' exel (1) 
F.#113105. Dkr Hp.d.(af“y) tal, ef Pyelol (2) 
| aL By, 
(1) + (2). #1156 —p— sD 


t:Hp.>.(aexpy) x (Pexp y)sm εἰ {(qz) Zey.paalexf | 2} (3) 
+. (3). #382. 5+. Prop 

The hypothesis q!a.q!f8 is not necessary in the above proposition; 
but the proof is simpler with the hypothesis, and we do not need the proposi- 
tion without the hypothesis. 


#116581. Ε:. M= R23 (zey.R=(L2th(axB)}.>: | 
Ζεγ.3:.. Μισ τῷ )}} (αχ β). ἡ Ζε1 -οὶ ΟΜ Ξαχβ 


Dem Ἐ.ΚκΙ4 ΤΊΣ. 55°12 . κἴ2.184.9.(Ψ. 2) 61 -Ὁ 1 4) 

b.*21'33.Db:.Hp.zey.3:RMz.=.R=(L2)t [(αχ β): 
[*30°3 | >: Me=(lath ax): (2) 
[(1).#43°122] 5: Mazel tl.d‘Mz=axB (8) 
+ .(2).(8). 9+. Prop 


#116532. Ε: Hp *116:531.qla.qi8.>.Mel+1-.d'M=y 

Dem. +.4%116°531.#14-21.471:16.3+:Hp.>.Mel—Cls (1) 
F.*l16531.>+:.Hp.z,wey. Mic=Mw.d: 

(19 thax B)=(1w)th (ax 8): 

[e71'35] D:Re(axP).d-(LatR=(Lw) th: 
[#113101] Diwea.yeR.r-(Latiyla=(Le) ἡ ᾧ 4.4): 
[Κ118:128] 5. (γ{ 4 αν δὲν .υ)4 (ὦ... ὦ). 
[κδ΄209] D.z=w (2) 
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F.(2). Dt:iHp.d:z,wey.-Me=Mw.d.2=w (3) 
b.#116°531 .*14°21.433'43.5F:Hp.zey.d.2e0'R (4) 
Ε. 21.38.95 1. Πρ. 9: Μς. 3, εν εγι 
[κ83.351] »: ΕΓ. (δ) 
Ε. (1).(8).(4)..(δ). κΥΓ[Ὺ’δδ. DF. Prop 
,116.6838. + :. ΗΡἈ1Π16.581. 9: ΠΗ Ὁ τῷ ἃ i(qz).zeyip= | hax ῳ 28}: 
z,wey.QlDIMen Di Mw .9,4+2= 


Dem, 
+. #116°531.>+:Hp.zey.>.D‘M2=D{( Lath (ax β}} 
[κ37.401] =( 42) t%(a x β) 
[¥113°65] ={2ax)2%B (1) 


Ε.(1). 816. 3b: Hp.>,D*M “y= ἢ {(qz)-zeyo w=] 2%ax | 2B} (2) 
Ε.Ἀ1Π1819. 9Ε:Ὶ Τ᾿ (4 eax L26B)a( | wax | w%e).d. 
αἰ {2 αὐτὶ wa. 

[κῦδ.232] D.z=w (3) 
F.(1).(2).(8).D+.Prop 
#116534. Ε: Hp *116°532.5. eSD“ My sm (a x 8) expy 

Dem. 
F . *116°531°532°533 . D 
tk: Hp. dD: Melliz,wey.q!DiMizn D'Mw.5,,.2=w: 

zey.2,.Mzel1.0‘Me=axp: 
f*116°43] >: Prod‘D My sm (a x 8) exp y: 
[4¥115°12.430°37 48411] 9 : ea D MS ἐγ sm (a x β.) ΧΡ γ 1. IF. Prop 
#116535. F:qia.q!8.3.(aexpy) x (Bexpy)sm (ax B)expry 
[¥116°53°533°534] 
The hypothesis Ἡ ἴα. Ἡ 1 is not necessary, as we shall now prove. 


#11654. Ε΄. (aexpy) x (Sexpy)sm(ax B)expy 


Dem. 
b. #116182. Db:a=A.qiy.d.aexpy=A. 
[*113°114] >. (aexpy)x (Bexpy)=A (1) 
F.#113114.4116182.3Fsa=A.q!y.3.(@x Byexpy=A (2) 


Ε.(1). (2). Dhkia=A.qly.2.(aexpy) x (@ expy)sm (a x 8) exp y (8) 
Similarly L:8=A.q!y.9.(aexpy) x (B expy)sm (ax B)exp y (4) 
FF. #116181. Fiy=A.D.(aexpy) x(Rexpyy=UAx eA, 


[#113°611.*73-43] > .(aexpy) x (Bexpy)smifA (5) 
F.#ll6181.Dbiy=A.D.(ax Blexpy=u'A. 
f(5)] > .(aexpry) x (8 expy)sm (a x B) expr (6) 


F . (8) «(4)« (6). #116535. D+. Prop 


In obtaining (5), we use *73°43 as well as #113°611, because A’s of different 
types are involved. 
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#11655, F.p™ x,u™=(u x, v)7 


Dem. 

b . 411654222 . #113°222. 5b. (Nica) Norv x, (NycfB) Nov 

= (Nycfa x, NyciB)Nec (1) 
F.(1).*103°2. IJhipv,aweN,C.d.p7 χΧ, νῦ πὸ (μ Xv)” (2) 
Εν Ἀ116.20ὅ. #113:204. Db: πος ΝΟ. 3.47 χρνστελπᾷίμ X,v)” (8) 
F Ἀ116.20ὅ. #113204. Ε ra(ujveN,C). Dd. ue χενῦπ (4) 
F #113204. #116204. 3 Ε τ (u,veN,C). 9. (ux, vy7HA (5) 
F. (4). (5). Dhkin(wjveN,C).D.u* xX, v7 -- μ XQv)™ (6) 
Εν, (2). (3). (6). D+. Prop 


This completes the proof of the second of the formal laws of exponentiation. 
The following propositions are lemmas for the third of these laws, namely 


(μ") 5 = μεσ, 
#1166. F:iqla.d.aexp(@ x y)sm Prod‘Prod“a | ‘8 { f(y 
32 3 
al “BI “ye Cls*arithm 
33 33 


Dem. 
αὐ 
Ρ.ἈΠ810δ. 84°53 -ξ΄. Κ118111.9 :}8Ρ.3..α..““8} “γε Clstexel (1) 
33 33 
t . #40°38 . Dh. sta L “8 { ty =O L «368 4 “ey (2) 
[#113111] Dh. sta} 6B | My @ Cis? exel (3) 
33 
Ε.(1). (39). #1152. Dk:Hp.d.a] “B] “ye Cls arithm (4) 
F. 4113-141. #116°19.5+.Ne‘{a exp (β x y)} = Ne“{aexp (y x 8)} 
[(#116-01.#*113°02)] = NefProd‘a | "5.4 | "ἡ 
32 32 
[(2)] = Ne‘Prod‘s‘a L cg t δ 
3 
[*115°35.(4)] = Ne‘Prod‘Prod‘‘a t “δὰ ify (5) 
F.(4).(5). 3+. Prop ᾿ 


#116601. F.((Cnv! 4 2)ε1 -Φ 1 [74-774 #72184] 


#116602. Ε:. M= R23 [zey.R={{|(Cnvé | z)jef (α 6χρ β}}.32: 
zey.>.Mz={|(Cnvé 4 z)}ef (aexp@): ἴξ 


Dem. 
+. *21°33.5 
biHp.d:szey.2:RMz.=.R={|(Cnv‘} ze (aexp8) (1) 
b.(1).«803.3bh:.Hp.Dizey. Dd. Mee ={|\(Cnv'{ 2)jef (aexp 8) (2) 
 .#21°33 .#33:131.3+:Hp.>.d‘M=y (3) 
t.(2).(8). DF. Prop 


#116603. | :. Hp *116°602.9:zey.3.0°M%z=aexpf 
[#116°602 . *37°231 . 86:66] 


156 CARDINAL ARITHMETIC [PARY ΠῚ 


#116604. + :. Hp *116°602.3:zey.3.DSMa= Prod‘a J «<8 t z 
Dem. 
+. *37°401 .*116'602.5 
tiHp.zey.D.DMe ={|(Cnvé | 2)}e“(a exp 8) 
[*115'4.%116-601.#43°301] = Prod‘{|(Cnv‘ | z)}e“a | “8 


[#113°125 5, -450°75'16 = Prod‘a ὦ “<1 2B 


[*38°2 ] = Prod‘a | “8.) 2:34. Prop 
a3 33 
#116605. Ε :. Hp*116°602.3:izey.9.Mizel—~l 
Dem. 
Fr. *116°601 .*72°451.5 
t.{|(Cnvé | z)}ef CIs ((Cnvf | 2)ε1- 1. 
[#43301] DF.{|(Cnv‘] z)ief(aexpByel—l (1) 
Εν. (1). #116602. 9. Prop 
4116 606. Ε :. Hp*116602.qla.qif@.o: 
Μεὶ-ττἰφισεγ. Δ] ΞΜ, ὃ, «τε 


Dem. 
Εν. #116602 .41421,.3+:.Hp.dizeU'M.d,. ELM: 
[*71:16] 3:Me1l—Cls (1) 


b.4«3037. Dh: Hp.dizwey. Miz=Mw.d.DM2=D‘ Mw (2) 
+.#116604.5+:.Hp.d:izwey. DSMe=DiMw.d. 
Prod‘a | “8 | z=Prod‘al “@Blw. 
23 33 33 3} 


[*30°37 ] >. s‘Prod‘a { “2B ΜΞ sProd‘a L «8 Lv . 
[¥1l16°171.4115°141.(e116-01)] 3. sa | “Βὲ 2= sa t (β ὰ Ws 

[4113-1] D.Blzexa=Blwxa. 

[#113182] >.8le=-Blw: 

[*113-105.Hp] S.eaw (3) 


F.(1). (2). (8). #7155 . #116602. 3+. Prop 
#116°607. + :. Hp *116-602.qla.qif8.: 

Mel +1.D“M ‘y= Prod“a | “8 ᾽, “ye 

33 3 

2,wey.D{Mc=DiM'w.d,,.2=w: 

Zey. Dz. Mizel—1.0°Mz=aexp 8 [*116°606°604'605-603] 
"11661. Fiaqta.q!@.>. Prod‘Prod“a ἱ «08 + ἐγ sm (a exp 8) expy 

[*116-607-43] 


"116611. Fiqla.q!iP.d.aexp(Sxy)sm(aexp A)expy [*116°6°61] 
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*11662. |.aexp(8 x y)sm (aexp 8) exp Ὺ 


Dem. 

.#116°181.#113114.3b:B8=A.Dd.aexp(Bxy =A (1) 
F.«ll6181. Ibi B=A.D.(aexpP)expy=(lA)expy (2) 
Εν #1163325 . DF. Ne‘{(efA) exp y} =1 (3) 
F.(1).(2).(8).452'22. 410031, 3: 8=A.D.aexp(@ xy)sm(aexph)expy (4) 
F 4113-107 .#116-182.Db:a=A.gi®.qiy.D.aexp(Bx y=HA (5) 
Εν 116182. It:a=A.qif.qiy.D.(aexpRyexpy=A (6) 
F.(5).(6). DF:a=A.qif.qly.Dd.aexp(Sxy)sm(aexpSjexpy (7) 
Εν #118114. 4116181. br y=A.D.aexp(@xy)=utA.(aexpf)expy=cta. 
[73°43 | >.aexp(@ x y)sm (aexp A)expy (8) 
Ε.(4}). (7). (δ). DJkia=A.v.B=AivigysArd. 


aexp(@ x ry) sm (a exp @) expr (9) 
F. (9). #116611. 5+, Prop 


#11663. Εἰς μήχοσ = (μνὺν 
Dem. 
Εν. #113222. Db. (Nycka)NertA%. Miety = (ΝΘ αὐ ἀκ 
[#1 16-222.(#116-04)] = Ne“{aexp (8 x y)| 


[*116'62] = Ne“{(aexp 8) exp y} 

[¥#116°222] = {N,cf(a exp B)}Ne4 

[411 6-222, (%116-08)] = ((Ν, 6 αὐ Noo} Nie'y (1) 
b.(1). #1032, DhipyweNC.d. pr%om = (μη)σ (2) 
Εν *116°204°208 . Dhin(pveN,C).d.(w)t=A (3) 
Εν #113-205 « #116'204'205 9 Ε τουίμ, νε Ν) 0). dD. prXeraA (4) 
Εν ἈΠ6906. ϑΕ: σε ΝΟ. 3. (pea Δ (δ) 
b .#113°205 .¥116:204. Db: πε ΝΟ, 95. porta A (6) 
F.(3).(4).(5).(6). Dkiex(pyweN,C). Dd. pF = (μη) (7) 
Ε.(2). (7). >. Prop 


This completes the proof of the third of the formal laws of exponentiation. 
#11664 b.(ur)™=(ut)” [116-63 . 113-27] 


#116651. Ε: QeCls—>1.«eCls’excl. >. es* Pa Qe sm Pa‘ Qs‘ 


Dem. 
Ε. 84:68. 5. Ε: ΠΡ... Q“‘« ε Cls*exel . 


[*85°43 ] >. εἀ PQ “K sm Pais'Q“« . 
[*40°38] 5. e4§P Qe 9m Pa Q's’: D+. Prop 
#116652. Ε : QeClsl. xe Cls* excl. 3. εδίελι"Ο"“ἐκ sm e46Q's“x 


. ε͵ 
[56 651 δ] 
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The following propositions are lemmas for *116-661, which is an extension 
of *116°52. 


#116653. Ε : κε Clstexcl. D.a ᾧ "ἐκ ε Cls* arithm 
33 


Dem. 
t.#113°105 .48453.3+:Hp.qia.d.al “«e Clsexcl (1) 
33 
Ε.119.111. DF. at ‘se ε Cls’ excl. 
3 
[*40°38] Dh. sal “““κε Cis’ excl (2) 


3 
Ε..1181112118.9Ἐ : ἀπ Δ.3:βεκ. 1β.3. αἱ “B=uA: 
32 
Bex. B=A.d.al“B=A (8) 
b.(3),. Db a=Asdial “eC uA utfA: 
33 


[#24°43°561)} 2 tp, rea f Me qgigag.d.p,cettA, 
[#51°15] D.p=ca: 

[584.11] Dial “κε Cls? excl (4) 
b.(1).(4). DE: Hp. Dead “ee Cls* oxel (5) 
F.(2).(5). DF. Prop ᾿ 


Κ1166δ4. Ε: κε Cls’excl 3. {Prod‘(a exp)*‘«} sm {a exp (8.κ)}} 
Dem. 


Εν «38°13 . (#11601). 9. Prod‘(aexp)“« = Prod‘Prod‘‘a | “x (1) 
33 
Εν (1). #116653 . *115°34. 9 
Ε΄ {Prod‘(aexp)‘‘«} sm {Prod‘s‘a | ‘“e} (2) 
a3 


b. (2). %40°38 . (#11601). 3+. Prop 
#116655. Ε: «eCls*excl. >. ΠΝ (ἃ exp) « = (Nefa)*%e = [116°654] 


This proposition is an extension of #116'5, 
The hypothesis « ε Cls’ excl is unnecessary in the above proposition, as we 
shall now prove. 
*116°656. F:qiaexp@naexpy.3.8=y¥ 
Dem. 
F.#11611. #5216 .5 
Ks. pe(aexpB)n(aexpy).I:yeR.2.(qzr).vea.clyepwipCyxa: 


[113-101] DiyeB.d.(qx).cea.wl yepial yeu.d. yey: 
[Syll] DiyeB.d.(qr).vea.aLyepiyey. 

{10°35 ] D.yey (1) 
Similarly Ε τι peaexpBnaexpy.Diyey-I-ye8 (2) 


F.(1).(2). DF. Prop 


SECTION B] EXPONENTIATION 159 
#116657. + .(aexp)«eCls*excl [116656] 
#116658. | .aexp(e[ 8)={|(Cnv* | β}} “(ἃ exp 8) 


Dem. 
Ε. #116°602'604 .#37°401.54+. {|(Cnv‘ | B)}e“(aexp 8) = aexp (8 4 8) 
[*85°601] =aexp(e] 8).I+.Prop 


#116659. T=32 {(q8). Bex. peaexpB.v=|(Cnv‘ | 8)u}.>. 
Te(aexp)‘e | “« Sm Sm (a exp) x 
Dem. 
bt. #404. Dk: Hp.d.d*7= sa exp)*‘« (1) 
b.#2133.9b:.Hp.d:yTu.aTp.d. 
(AB, γ). B.yex.peaexpB.meaexpy. 
y=|(Cnv‘ 4 β)έμ. a =|(Cnvé | γ)μ. 
[*116°656] > .(q8,y)-B=y.¥=|(Cav‘ | β)όμ. a=|(Cnv | γ)μ. 
[#13195] ϑιντσ (2) 
F.*2133.3t.Hp.3:a%p.aTv.o. 
(q¥B.y)-B,yex.peaexpP.veaexpy. 
a =|(Cnv‘ | 8)“w=|(Cnv' Ly). 
[*116°658] 9. (η,,γ).βιγ εκ peaexpR.veaexpy. 
aw =|(Cnv‘ | 8) =|(Cnvé | vy). 
meaexp(e] B)naexp(e]y)- 


[*116-656] D.(q8,y).B,yen-|(Cnv‘ | β)όμ =| (Cav'] γ)όν. 

e[ B=e]y. 
[*85°601] >. (q8)-Bex.|(Cnv') 8)“~=|(Cnv' | 8). 
[*116°601.472441] D.p=v (3) 
F.(2).(8). Dk: Hp.d.Tel—-l (4) 
F.*116°658.3D+:.Hp.3:Bexn.>. T(aexpf)=aexp(e] 8): 
[*37°69] >: T.“(a exp) x =(a exp) “e J "ἐκ (5) 


Ε. (1). (4). (5). *11L1. 3+. Prop 


#11666. Ε΄ Prod‘(a exp)‘« sm {a exp (2‘x)} 

Dem. 
Εν. #116659 . «11551. 2 Ε. Prod“(a exp)«sm Prod‘(a exp)“e [x (1) 
F #8561 .¥116°654. Dt. Prod‘(aexp)“e J “asm {a exp(s‘e [“«)} (2) 
Ε.(4}). (2). «1121.55. Prop 


*116°661. Ε, TINc(a exp) = (Nefa)2% [*116°66°657 .*115-12. #112'101] 
This proposition is an extension of *116°52. 
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The following propositions are concerned in proving *116°68, which is an 
extension of *116°54, where the a and @ of that proposition are replaced by 
the members of a class x. 


#11667. Fi.p=2{(qa).aex.X=a 7}. τκ ε Cls*exel . 2. .peCls*arithm 
Dem. 
b.*203.3+:Hp.rAwep.qirnyw.d. 
(qa, 8).0,8ee.r=al “y p=Bi“y.qiroag. 


[*37°6] 9..(πα, β, 2,w).a,8ex.zwey.alz=Blwr=al “y. 
33 
p=BL Sy. 
(#55°262,%38°2]).(qa, 2,10). wen. 2,wey mal My poral My. 
[#13°172] D.A=p (1) 


Ε.Ἀ51 Ὁ. Κ4011.9 
F:Hp.&,nesfp.sqiEan.d. 

(4, 8, 4,w).0,Bex.zwey.€=alzq=Blw.qiing. 
[¥55°232.438'2]9.(qa, 8, 2).4Bex.zey.Emalzn=Biz.qtang (2) 
b (2) #8411. 

F:rHp.«eClsexcl.&,nesp.qiEnn.> (44, β, 2). =a) 2.n=B8 { 2.a=f. 
[413°195°172] D.f=7 (3) 
Ε.(4). (3). 4. Prop 


#116671. ΕἼ το σ =f [(qz).zeyep=] ee}. 9: Hp ¥ll667 .3.sfp=s'o 
Dem. 
.*40°11,56:. Hp*11667.5:& es‘. 


tit 


(qa).aex. Feat My, 


[*38°'3] =.(qa,z).aex.zey.F=| σία. 
[*37°103] =.(q2).zey.Fed 2h. 
[*40-11] =. Festi {(qz).zey.pma] oes. 


2+. Prop 
116-672. +: Hp 116-671. «eCls*excl. Amex. 9... σε Cls* excl 
Dem. 
F.#87103.3+:Hp.uver μην... 
(qz,w,a,B).z,wey.a, βεκ. ze“a= | wp. 

Ba|le“a.vael ws. 
[#55262] > .(qz,w,a).z,wey.aek.| ca= lw a, 

wa be“a.v=lwa, 
[#113°105.438:2, Hp] >. (qz,a). n=] 2a.v=J] σία. 
[13172] D.w=vi dl. Prop 
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*116°673. | : Hp *116°672.5. e4(exp y)“« sm es‘eao 


Dem. 
Εν #38181 . (#11601). 9 Ε΄ es(exp y) «= εκ“ (qa). αἄεκ. ἕ- Prod‘a J “2} 
- 3 
[*37°6] = ea’Prod“A {(qa).@exsr=a 4 “yt (1) 


F.(1). #11533. #11667 .> 

ΕἸ Hp. 9. ea“(expy)‘'«sm PATON (qa) .aex-rA= ay “yl 
[4116°671] >. ca“(expry)*« sm εδ'ϑίσ. 
[#85°44.%116:672] 9. ea“(exp y)"« sm ἐδίεδ'"σ : DF. Prop 


#116674, b:. M=R2(R=(| 2)||Cnv(] 2). 2: 
(2). Mfze1—> 1. ΜΚ} cafe = εδ' τ κ 


Dem. 
Εν. 8068, 9Ε:Η͂Ρ.3. Méze=( | 2}} σαν ({4 2). (1) 
b.o#72184. 4111-14. 9 Ε΄ 2} κ εξ 4 2) smi Sik. 
[3.114.61] DE.{ bel} Cnv( | ze} Penta ε (caf | 264) Siti (cafe) (2) 


Ε.(1).(2). 1808, DF. Prop 


#116675. b:. Hp *116674. ἃ $ sfc. D3! (Mw) εδίκ n(M) “este oD. w= 
Dem. 
+. #116674.3b:.Hp. Dig! (Mow) ese n (Mv) eae. 2. 


ates’ | wien es! | of fn . 


[*80°32] D. bw «= | vn. 
[40°38] Def whstc= | vfshe. 
[¥*113°105.%38'2] >.w=v:1 D+. Prop 


#116676. + : Hp *116°672°675 . 3. Prod‘D“[ (ea‘«)“M “ry sm (ea‘e) exp y = 
D* Ι (εκ) “ἡ ΞΞ eno 


Dem. 
Ε. #116°674°675 . #11645 "5. > 
F: Hp.3. Prod‘D“f (ea) My sm (ea‘x) exp y (1) 
b.¥116-674.3+:Hp. >. DP (este) My Ξ ἢ {(qz). ey. weak | 24x} 
[437-6.Hp] = ea''o (2) 
Ε,(1). (2). 5. Prop 


#11668. Ε : κα Cistexcl. D. ca‘(exp y)‘« sm (ea‘e) expy. 
Ne(exp y)‘« = (IINe‘«) ev 


Dem. 
b.*115°12 . #8455. 54+. Prod‘es‘o sm e4%ea"o (1) 
Εν. (1) «#116-673°676 . 9. | 
F:Hp.Arven. iste. >. eaf(exp y)xsm (ea‘x) expy (2) 


R&W It 11 
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b. #5324, ΞΕ: Λε κι 5.2. κτλ. 


[188:15..116.88] 2. es(exp γ)κ τε. (atx) expyel. 
[κ784] >. ea(exp y)« sm (εδ' Κ)Ὶ exp Ὑ (3) 
F.#83:11.4#116182. DF: Ae. qiy:deeake=A.Ac(expy) ‘x. 
[¥116°182.483°11 | D . (ea*e)expy=A .ca(expy) «=A (4) 
F.#ll6181. 3: Aex.y=A.D. (esate) expy =A (5) 
Ε.34116181.9ὲ :Δεκιγτλ. 9. (οχρ η) κει α. 

[κ88.41]} >. ea*(exp y)“«sm uA (6) 
Ε.(4}). (δ). (6). DF tA ex. D. es"(exp y)« 3m (ελ' κ)ὶ exp ¥ (7) 


Ε. (2). (8). (1). #1141. #11625. D+. Prop 
The above proposition is an extension of *116°54'55. 


The following propositions are lemmas for 
Ne‘Clfa = 2Ne%, 


The proposition and its proof are due to Cantor. 


Κ1167. F.NoM{(uSA ULtV) f αἰλία -- 3 Νὰ 


Dem. 
Ε. 241. Κ101.8.9. Νοίελ υ ι())-2 (1) 
Ε. #11615. 3b. Nef{(tfA vetV) Ff αδα = Νοί(Δ ν iV) exp αἱ 
[#116-25] = (Neof(u6A u uy} 
[(1)] = 2Nefe | D+. Prop 


In this and following propositions, the class "Δ ὺ UV is introduced solely 
as a known class consisting of two terms. Any other class of two terms will 
serve equally well. 


«- «- 
Κ11611. Ε: ΒείμΔν (7) α)δία. 9. RV --α-- RA 


Dem. 
b.*11612.>+:Hp.3.RelwCls. DSRCUA vifV.d‘R=a_ (1) 
[81.211] D.a= RUA vty) 
«-- ς- 
[*53°302]} =RAv RV (2) 
- €& 
Ε.(1). ΚἸ118. ΞΕ: ΗΡ.9 Δ RIV=A (3) 


Ε, (2). (2). 24.47.2}. Prop 


ἈΠ6Τ11. 1: Ε, Βεί( λυ κὙ)} αἰλα. RAHSA.D.R=S 
Dem. 
FeellO71. Dt: Hp.d. RV=SV (1) 
ς«- & 
(1). #11612.3F:.Hp.d:yeD‘RuDS.D,. By = Sy: 
[*33°48 ] >:R=S: 3+. Prop 
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A «- 
#116712. Ε: T=PR[Re (A v'V) Palate. p= 84Δ].3: 
ee 
Re {UA eV) talata. Dd. R= RA OT = [A ev) f alae 


Dem. 


e 
F.#*21°338.DF::Hp.d:. καὶ εἰ(μΔ vilV) Fajaa.O:pTR.=,.p= RA: 


[430°3] TP R=RA (1) 
F.(1).#1421.5F: Hp. 3: Re {eA vetV) false. dD. E!TR. 

[33-43] >.ReGT (2) 
Εν 421-33. 439-131. Db: Hp. >. G'7C (Δ vitV) 1 α]κία (3) 


F.(1).(2).(8). DF. Prop 
*116-°713. Ε: Hp*116-712.3.7Tel—ol 


Dem. 
F.&l16°712.41421.5F: Hp.d:ReAT.3.EITR: 
[*71-16] 2:Rel—Cls (1) 


F.#116-712°711. Dt: Hp.d:kSeAT.TR=TS.I.R=S8 (2) 
F.(1).(2). #7155. DE. Prop 
#116-714. Ε: Hp #116712. μεμα. πε ἢ fy=A .vep.v.y=V.cea—pl.d. 
Re {kA vtV) Falaa.p= TR 
Dem. 
b.421°33.48313. Dk: Hp.diyvyeD'R. Dd. qe tSA viv (1) 
+. #2133 .4331381. 3b: Hp. dive QAR.=: 
(ay):yoA.vepiViey=V.vea—p: 


[*10°42.413 19] =i aeu.V.vea—p: (2) 
(*24-411.Hp] =:avea (3) 
Εν 2188. 908, 9Ε: Ηρ. 9 ιέφεμ.9, . Re=Atvca—p.dz- Rae=V: 
[(2}..κκ14.21] ϑιφε ἘἘ.Ὁ, ἘΤΉΙΩ: 

[311.16] 2: ε1-- ΟἹΒ (4) 
Εν 21.898, DF: Hp.dnqyHA.d:yRe. sy. Le pt 

[*32:181] 3: Ry=p (5) 
Ε. (1). (8). (4). #11612. DF: Hp.d. Re {tA vs'V) 7 aaa (6) 
F.(5).(6).#116712. Dk: Hp.d.p=TR (7) 


F.(6).(7). DF. Prop 
*116°715. Ε: Hp *116°712.5.D‘T=Cl 
Dem. 

F.#116-714.433-43.5F:Hp.d.Clac DT (1) 

Ε. #2133 . #3313. 3D 

bi Hp. D:peD‘T.D.(qR). Re (KA vutV) Palefa. p= RA. 

[433-151] D.(q Rk). Re{(ucAvi'V) Falsia.pCaR, 

[80-14] D.pCa (2) 

F.(1).(2).D5. Prop | 
11—2 
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#11672. +. Ne‘Cl‘a = 2Ne“ 
Dem. 
f .116-712-713°'715 . Dk. Clfasm ((ἐΔν 6647} Palate (1) 
Εν. (1). #1167. 3+. Prop 
«1168. +.Ri(pto)=8*Cl(o x p) 
Dem. 
b. #602. 2 1. Res Cla xp). =2(qn). ACoxp.R=8X: 
fxl13-101]=:(qn): Per. 9». (qa,y)-vep.yer»Pa=aly:R=8X: 
[4111] =:(qaA):Per.Dp.(qay).vep-yeo.Pa=a ly: 
uh .=u,9-(QP).Per.uPo: 
[*xl0°56] Diuhv. ou. (πα, γ) wep.yeru(aly)v: 
[κῦ513] DiuRv.dyy wep.vec: 


[435-103] D:REpto (1) 
Εν #35°103 . «113-101 .D 
b:REpto.r=P ((qa,y).cRy.P=a)y}.2.Caxp (2) 


b.#41°11 2 #13195 .3 

Εν Hp(2).3:u(sr)v. =. (χω, ψ). oRky.u(aly)v. 

[55°13] =.uRv (3) 
Ε.(2).(3).9 Ε: RE pfao.d.(qa).rACoxp.R=8r (4) 
F.(1).(4). Db. Prop 


#11681. + .8fPCl(oxp)el 1 


Dem. 
Εν 34113.. 2 Ε s.a,BeCl(ox p). sa=sBiacl yea. dial yCsPp: 
[4111] Di(qP).PeB.clyGP: 


[¥113:101. Hp] D:(qP,uv).PeB.Psulv.alyGulv: 
[*55°13434] D:i(qP,uv).PeB.Pa=ulv.calysulo: 


[K13°172138] DJialyeB (1) 
HQ) ΚΦ. Dh ra, BeCl(a xp). Saas B.alyeh.D.alyen (2) 
Ε.(1). (2). #118101. 3b τα, βα ε ΟἹ '(σ x p). sa=#B.2.a=8 (3) 
Εν (8). #7155 . 72.168. DF. Prop 


#11682. +. BI p to)smCl"(a x p) [¥116'8-81] 

#11683. +.Ne‘RI(p to) =2QNeex.Neo [#1 16'82-72. #113-25] 

*1169, +: Netr=p.D.Net*x=% [%116°72 . *63°66] 

*116-901. Ε: Ne%“a=p.D.Neta=2 [%116°72.%63°65] 

*11691. b:Ne‘tfa=p.d. Net Sa=* [411683 . 64511] 

#11692. +: Ne%fa=y.d.Netfa = 20%", Νοίδιίᾳ = 2%." , ete. 
[¥116°83 . #64°16 . *116°901] 


*117. GREATER AND LESS 


Summary of 5117. 


A cardinal μ is said to be greater than another cardinal » when there ig 
a class a which has μ' terms and has a part which has » terms, while there is 
no class 8 which has ν terms and has a part which has « terms. The relation 
“greater than” is transitive and asymmetrical; and by the Schrédder- Bernstein 
theorem, if μ is greater than or equal to ν, and ν is greater than or equal to 
μ5 then »=v. But we cannot prove that of any two cardinals one must be 
the greater, unless we assume the multiplicative axiom. The proof then 
follows from Zermelo’s theorem that on that assumption every class can be 
well-ordered. This subject will be dealt with at a later stage. 


The form of the definitions is so arranged as to allow of the inequality of 
two cardinals in different types. The relevant considerations are the same as 
for the definitions of addition, multiplication and exponentiation. 

Our definition of “p> v” is 
«11701. po>v.=.(qa, β) p=Ncfa.v=Nefs. 

qiClan Nec B.~giClBaNea Df 

We also define “ u > Ne‘a” as meaning “yp > N,c‘a,” and “Ne‘a > v” as 
meaning “N,c‘a> ν᾽ for the reasons explained in #110. It then easily 
follows that if «> ν, » and ν must be homogeneous cardinals (this is part of 
*117-15); that if ~ and ν are homogeneous cardinals, and μ >», the same 
holds if we substitute sm“ and sm‘*‘y for one or both of » and ν (#11716); 
that . 

Ἀ11718, ΕἸ: Νοα;»» Νοίβ.Ξ. {101} ὦ Νοῖβ wn giClen Νοία 
and that 
“11714. Fip>v.=.(qa,8).p=N cka.v=Nci8.Ne‘a > Nesp 

We cannot define “pv” as “p> νιν. μεν," because “p= ν᾽ restricts 
p and ν too much by requiring that they should be of the same type, and 
restricts them too little by not requiring that they should both be existent 
cardinals. To avoid both these inconveniences, we put 
411705. ppv.stp>v.vipveN,C.p=smv Df 

The use of this definition is chiefly through the propositions 
#117-108. | :. Ne‘a > Ne‘@.=: Nefa > Νοίβιν. Nea=Ne‘B 
#11724. bipoev.=.(qa,8).p=Noa.v= Nes. Νοία 55 Nes 
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In *117°2, we repeat the Schriéder-Bernstein theorem (*73°88), which is 
required in most of the remaining propositions of this number. It leads at 
once to the propositions 


#11722. FiqiClan Nef8.=.NeaS Nes 
(which practically supersedes the definition of “=> ”) 
#117221. ΕἸ Ne‘aDNe8.=.(qp)-pCa.psm 
#117222. §:8Ca.D.NeaS Nes 
411723. b:Ne‘at Ne‘8.Ne°B > Ne‘a.=.Ne‘a=Ne‘s 
This last proposition may be called the Schréder-Bernstein theorem with 
as much propriety as *73°88; the two are scarcely different, 


If we now revert to the definition of «>», or to *117-13, and apply 
*117°22, we see (*117-26) that “Ne‘a > Nec‘@” may be conveniently regarded 
as asserting Ne‘a > Ne§8.~(Nc'S > Ne‘a); in fact, the best ideas to work 
with are > and its converse <, which for practical purposes we regard as 
defined by «117-22, and from which we derive > and <. The relation > 
will be the product of > into the negation of its converse; this holds for « 
and ν (*#117'281) as well as for Ne‘a and Ne‘g. 


*117°3'31 constitute an important use of *110°72, namely to prove that 
one existent cardinal is greater than another or equal to it when the first can 
be obtained by adding to the second (where what is added must be a cardinal). 
That 15 to say, we have 


#1173. +:Ne‘a pS Ne‘8.=.(qa).ceNC.Nea=NeS+,a 
#11731. bi. oev.sipveN,C:(qa).aeNC.p=rt,a 


*117-4—-471 are concerned in proving that > and > are transitive, that 
> is asymmetrical (*#117°42), and allied propositions. 


Our next set of propositions is concerned with 0 and 1 and 2. We prove 
that a homogeneous cardinal is whatever is greater than or equal to 0 
(#117501); that a homogeneous cardinal other than 0 is whatever is greater 
than Ὁ (*117°511); that a homogeneous cardinal other than Ὁ is whatever is 
greater than or equal to 1 (#117°531); and that a homogeneous cardinal 
other than 0 and 1 is whatever is greater than 1 (#117°55), and is whatever 
is greater than or equal to 2 (*117°551). 


We next prove a set of propositions concerning = which have no analogues 
for >, except when the cardinals concerned are finite. Thus e.g. we prove 
*117561. Fipv.aeN,C.D.p4+,0 274+, 


If we substitute > for >, this no longer holds. Thus eg. put μ- 3, »=1, 
w=, (cf. *123); then μῶν, but pt+oa=vt+,e=a. Similar remarks 
apply to the analogous propositions (*117°571'581'591) on multiplication and 
exponentiation. 
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We prove next that a sum is greater than or equal to either of its sum- 
mands (*117°6); that a product neither of whose factors vanishes is greater 
than or equal to either of its factors (*117°62); that, assuming » and ν are 
existent cardinals, then if they are neither 0 nor 1, their product is greater 
than or equal to their sum (*117°631), and if μ is neither Ὁ nor 1, then 
BY > pw χεν (117-652). 

The last important proposition in this number is Cantor’s theorem 
#117661. biweN,C.3.2%>yp 
which follows immediately from *102°72 and *116:72. 

The propositions of this number are much used in the following section, 
on finite and infinite, 


*11701. p>v.=.(qa,8).p=Nicla.v=Ncis. 
qiClanNef8.rqiCl@aNea Df 


#11702. p> Nefa.=.p>N,cka Df 
#11703. Ne‘fa>v.=.N,cla>yv Df 
“11704. pvi=.y>yp Df 
*11705. pov.=tp>v.v.p,veN,C.p=sm“v Df 
#11706. pRv.=.y Sp Df 


The analogues of *117-02-03 are to be applied also to *#117-04°05-06. 


1111. bipov.s.(qa,8) p=N cla. v=N c's. 
qmiClfan N&R. ~ qi Cl aaNea [(#117-01)] 


#117101. kip > Ne'8.=.p>N,c88 ((*117-02)] 
*117102. Ε: Nce‘a>v.s.N,cla>v [(#117-03)] 
#117103. Fip<ctcv.=.v>p [(4117°04)] 
*117-104. Fi.pov. Sip >yv.v.u,veN,C.n=smy [(#*11705)] 
#117105. Ε:μ εξ νι ξΞινμ . [(Κ11706}} 
#117106. ΕἸ ΝΟα;» Νοβ.Ξ. Νιοα > N,cf8 [*117°101:102] 
#117107. ΕἸ ΝΟΣ Ne'@.=.N,ckaS N,c8 

Dem. 
F.#117°104°106.2 
Εν Nefas Ne'B. =: N,cla > Νιοβ.ν. Nema NesBeN,C.Ne‘a=sm*Nes: 
[*100°511.%*103:22] =: N,cfa > N,cf8.v.Ne‘a, Nce‘BeN,C.Ne‘a=Ne‘B: 
[*103°16] =:N,cla> N,c{8.v.Ne‘a, Ne‘BeN,C.Nea=N,c'B: 
[*103°21 } =:N,cla>N,c'8.v.NceBeN,C.Nea=N,cks: 
[*103'16] =:N,cla> N,ck8.v.NceBeN,C.N cka=Ne's: 
[Κ108.2] =:N,cfa > Νιοβιν. Νιοα-  Νοβ : 
[*103-4] =i ΝΟ» NickB. v. Νιοία =sm“N,c8: 


[*103-21.4117°104] =: N,cfa 2>N,c'8:. DF. Prop 


168 CARDINAL ARITHMETIC [PART ΠῚ 


117 108. f:. Nef‘a > Ne‘8.=: Nea > Ne‘8.v.Ne‘a=Ne‘@ 
{*117°107°106'104 . *103°16°4] 


11711. Ε:, α 81 α΄. βαἰ 5πὶ β΄ . 9:11 1 Clan NeB.8.qI Cla an Nes 


Dem. 
F. 100321. DF: Hp. D:q! Cla’ a NefB.=.q! Cla a Nee’ (1) 
+. #7321.) 
t:Rel—-1.D‘'Raa.d*R=aad .yCa.yeNcB.d. 

Ry Ca’. RyeNcfB. 

[60:2] D . qt Clfa’ a Ne“B (2) 
F. (2), *10°11°23°35 .*73:1.D 
F:asma’.q!Cl*‘a ὦ Ne'8.3.q!Cl'a’n Nes (3) 
Εν (8) ξλῶν Dtrasma’.q! Clea’ ὦ Νοβ. 3. ἢ 16] α ἃ NefB (4) 


F.(8).(4). DEsasma’.Diq!i Clan Νοίβ. .Ξ..ῃ ! 6] αἱ an Nof8 (δ) 
F.(1).(5). Ε. Prop 


#11712. bipo>v.sipveNC: 
yes Sev. Dy se Qi Cl*yn Ned. ~q ΓΟ] δ Ney 
Dem. 
F.#*117'1:11.5 
hippy. s:(qa8):n=Nea.v=N cB. q!Clan NefB.~gqiCl§BaNesa: 
yee Bevery ge GTi Chyna Ned, wg! Cla Ney: 
[¥103-'12] =:(qa,8):4=Nica.v=NiechB acy. Bev. gq! Clan Nes. 
wl Cl*8a Nea: 
yep dev. Dyse ἢ 1 ΟἹ ὦ Ned. oq iCldn Nefy: 
(qa, B):n=N ca.v=N <B.acp.Bev: 
yew. Seve dD, 5. ql Cyn Nod. wi Cla Nety: 
[#10312 2}=:p,veN,Cryep.dev. 2,5. GQ! ClyaNeS.vgiClSaNey:. 
2+. Prop 


(¥10°35] 


¥117121. kino v.=tp,veNC: 
aepe Da. (G8). Bev. qi Clan Ne B.~qICl'Ba Nea 
Dem. 
F.¥1171:11.5 
bip>v.=i(qaB):p=Neca.v=N cB. q! Clan Nef. 
ὉΠ i Cl*Ba Nefa: 
yee D,- (78) Sev. gq! Cl*ya Ned. oq! ClO ὦ Nefy 
[*108°12.%10°55] =: (qa, B):w=N,ca.v=N c'B.aep: 
yeu. Ὁ, . (qd). der. ἢ ΤΟΙ ὦ NeS. wg! 6] δ α Ney 
[¥*103°12°2] HSrpjveN Cryep.d,.(qd). Serv. 1 Cyn Nes. 
wa! C8 a ΝΟ. Ὁ DF. Prop 
The above proof is given shortly because it proceeds on the same lines as 
*117-12. In applying «10-55, the dx of that proposition is replaced by ae p, 
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and the yw is replaced by 
(q8).Bev.gq!Claa NeB.~ gq! ClBa Ne“a. 
#11713. F:Ne‘a > Ne“B.=.q!Clfan NeB. ~qICl*B an Ne“a 
Dem. 
Ε.Ἀ1171106. 9 
F:. Nea > Ne‘8.=:N,c'a > N,c'8: 
[*103°2.4117°12] SryeNeka.de NickB. 2,5: 
qiClyaNcS.~q! Ciba Ney: 


[*100°31.«117°11] =: yeN cla. de NickB. 2,5: 
gq! Clan NekB.~qiCl@eaNea: 
[*10°23] =:q!Nicfa.qiNck8.2. 
qt Clfan Nef8. oq i Cle n Nea: 
f*103-13] =a:q! Clan Nef. oq ΓΟ ἃ Nea: D+. Prop 
#11714. kip >v.=.(qa8).p=N cka.v=Noe's. Nea > Nes 
(#117°1:13] 


HlI715. Fip>v.z.pveNC.qisClpasmy. vq 1sClfoansm a 
Dem. 
F 108,4. 1111. 
breve: (qa, βἘ).μ Ξ Νιοία. νΞ Νιοίβ. αι ΠΟ] α ὦ δια ν. 
w~q!ClBasmn: 
{*103'2'26] eipveN,C:(qa,8).aen.Bev.gq!Clansm’?, 
wl ClhB asm pu: 
rp,veN,C:(qa,8).aen.Pev.qiClansmy: 
δεν. 23. “ΟἿ 1 Cl nsm“w: 
[*103:13.410°51]=:y4,veN,C:(qa).aen.qiClansmy: 
~ (qs). Sen. qt Chasm pn: 
[*40°4.%602] Zip,veN,C.qisCl*pnsm“v. 
~q!sClyasm pi. DF. Prop 
The advantage of this proposition is that it expresses “μ 2» v” in terms 
of » and ν alone, without the auxiliary a and β of the definition. 
#11716. bs. y,veN,C.d:p>v.=.8m“p > v=. p> omy. =.am p> amy 
(4117714. *103°4] 
#1172. bsasma’.@sm’.8'Ca.a’CB.D.asm8 [73°88] 
This proposition (which is the Schréder-Bernstein theorem) is fundamental 
in the theory of greater and less. 
#11721. b:q!Clan Ne8.q!Cl'8B an Noa. 3. Nea=NeB 
{117-2 . *100°321] 
#117211. fF: qitClfan Ne§8.q!Cl*Bn Ne‘a.=.Neca=Nef8 
Dem. 
Εν. 1008. «60°34. DE: Nefa=Nef8.D.ae Clan Ne8.BeCl Bn Nea δ 
b.(1).%117:'21.5+. Prop 


[4117-11] 


I! 
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#11722. k:q!ClanNeB.= Ne‘ as Nc‘8 


Dem. 
F.*11713. 3+:Hp. οἷ Ὁ] β αι Nea. =.Nefa>Ne'8 (1) 
b.x117-211.>Db: Hp. q!Cl§8n Ne‘a.=.Nefa= Neff (2) 
F.(1).(2).*117:108. >. Prop 
#117221. ΕἸ ΝΟΣ Ne'8.=.(qp).pCa.psmB [117-22 .*60'2.*100°1] 
#117222. F: 8@Ca.Dd.Ne‘a Σ5 Ne‘8 [#117221] 
#11723, ΕἸ ΝΟΣ Ne8.Ne‘8 > Ne‘a.=.Nefa=NefQ [Κ117211.22] 
411724. Fippv.=.(qa, 8). p=Ncfa.v=N cf. Ne‘a >Nc'8 
Dem. 


b.#11710414. τ poev.=: (qa, 8). p= Ni cka.v=Nicf8.Ne‘a > Ne‘f.v. 
(qa, 8). p=Nefa.v=N cf8.p=smv: 


[*103°4.%13°193] =:(qa,8).p=Ni c‘a.v=Nic'8.Nefa > Ne‘f.v. 
(qa,8).p=Ne'a.v=N,cf8. Νιοία Ξ Nes: 
[*103'16] =1(qa,8).p=Ncia.v=N, cf. Ne‘a > Νοίβιν. 
(qa, 8). p=N,cfa.v=N,cf8.Ne‘a=Ne'B: 
[#1 1:41.4117°108] =:(qa,8).p=N,cla.v=N,ck8.Ne‘a 55 Ne‘B:. 
DE. Prop 
#117241. ΕἸ μξϑν.Ξ.(α,β). p=Nota.v=Nc'8.q! Clan NefB 
[117-2422] 


#117242. Fs. p,veNC.D:yDv.=.(qa,B)-acp.eBev.q! Clan Nes 
[#117-241 . *103°26] 
*117:243. bi. pov. si(qa, B)ip=Noa.v=No'8:(qp).pCa.psmB 
[¥117-24221] 
#117244. Fki.p,veN C.O:p pv. s.sm“pSv.=.posm*y.= 
sm‘*y a sm‘fy [Ἀ11724...108.4] 
411725. Fipoev.vep.=.p,veN,C.sm“p=sm'y 
Dem. 
F.#l17-24.5 
hip pvivpp.=.(qa,8,7,6) w=Ncla=Nety.v=N cfB=N,c8. 
Nefa > Nef@. Ned > Ne‘y. 


Π 


[Κ117.107] ΞΞ «(πα, By, δ) p= Νιοία = Νιοίγ. ν-- Νιοβ τ ἌΝ cS. 
Νιοία > N,c‘8. Νιοὃ Σ5 Νιοίγ. 
{*13-193] =. (qa, B,y,8).p=N,cia=Nicfy.v =N,c'8 = Νιοιδ. 


N,cfa = N,cf8. Noc'B SN, cfa. 
- (qa, By, 8). = Νιοία = Νιοίγ. vy =N,cf8 = Νιο δ. 
Nefa=Ne'8. 


[¥117-107°23] 


I 


[¥11-45.4103-2] =. (qa, B).p=Nicfa.v=NictO.p,ve NC: Nefa=Ne's. 
[*103°4] =.(qa,8).p=N,cla.v=N, cf. p,veN,C.smp=sm“y . 
[114541032] =.u,veN,C.sm“p=smv: D+. Prop 
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*117:26. |: Ne‘a > Ne‘8.=.No‘aS Ne‘8. Ne‘at NeB 
Dem. 

F.¥11713. 41312. Transp. Db: Ne‘a > Nef8.3.Ne‘at Ness: 

[*117°108] Dh: Nefa > Ne'8.3.Nefa Ne‘. Nea+Ne'B (1) 

F #117108. κὅ6. DF: Ne‘aS Ne‘@. Ne‘at Nce‘B. 9. Ne‘a> Ne'B (2) 

F.(1).(2). 3F. Prop 

*11727. Fi Ne‘a< NefB.=.Nefac Νοῖβ. Ne‘a+ Ne‘@ 
[*117-26-103°105] 

*117'28. |: Ne‘a > Ne‘8.=.Nefa Σ5 NefB.~(Ne‘8 > Nea) 
[#117-22°13] 


#117281. ΕἸμ ΡΞ ip Dy.n(ySp) (*117°14°28°24] 
*117:29. ΕἸ Ne‘a<c Ne‘@.=.Ne'acNe'8 .~(NeS8 <Ne‘a) [117-28] 
#117291. Fipctv.=.poy.n(vSp) [117281] 
#1173. F:Ne‘apNe'8.=.(qa).a7eNC.Nea=Ne'84,a 

Dem. 
F.#117-221.D5 3 NefaS Nef8.=.(qd).8sm8.5Ca, 


[4110-72] -(qa).aeNC.Nefa=Ne‘84,0 
D+. Prop 


*117°31. Fippeve=tpveN Ci(qo).aeNC.p=vt a 
Dem. 
Ε. #117243. 


bi. oev.=:(qa,8,o) p=N ck'a.v=N,c'8.Nea=NeS+,a: 
[(#110°03)] =! (aa, Η aw). p=Nca.v=N,ck8.Neaasvt,a 
[*103'16.*110°42] =: (qa, 8,o7).p=N,cka.v=NcR.p=vt+,e 
[*103°2] =tyveN Ci(qa). p=v+,o1. D+. Prop 


*11732. FipoSv.gqism“ponta.d.qismynta 
Dem. 

F, #117241. κ108.4.9 

F:Hp.2.(q6,y)-w=Nes.v=N ely. q!Cl*Ba Ne‘y.sm“p= Ne. 
sm‘*v = Ne“y (1) 

. *63°105°371 . *73-12..3 

:RepsmP.peta.cCB.asmy.9. hk cect. R“osmy (2) 

.(2).*73:04.3F:peNceBanta.ceClBnNey.D.qiNe'ynt% (3) 

(1). (3). 55. Prop 

The above proposition shows that if a cardinal » exists in a given type, so 
do all smaller cardinals. 


τ τ τ τ’ 
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41174. Fippvivev.d.p 20 
Dem. 

+. 4117:2438.9b:.Hp.9:(qa,8,y)i:v=Nefa.v=Nep.ca=Nety: 
(qp)-pCa.psm8:(qo).cC8.ocsmy: 

[%117°11.%60°2.41001] 3: (Πα, 8, y)i w= Ne‘a.veNocB.a=Nicfy: 
(qp.7)-pCa.psm8.7Cp. remy: 

[κ22.44] D:(qay)iw=Niefa-c=Noefy:(qr).7rCa.rsmy: 

[*117°243] Jipoea:.Dt. Prop 

#11741. bkipv.vgov.d.pagoa [#1174] 


#11742. Ετουί ἢ» μ).οοὐ <p) 
Dem. 
Ε. 1118. 1512. Transp. ΕΣ oy. ι μΈΡ: 9 ΕΟ. Prop 
#11743. Ετμξϑνοὐ(μῇῈ σ). 3. οὧὐν Sa) [Κ117’4. Transp] 
#11744, Εν; πὸοιοίμ 5 9).9 «οὐ pv) [Ε117’4. Transp] 
#11745. Fippv.v>a.d.p>e 
Dem. 
Ε.Ἀ117.28]  9ΕΤΗΡ. 9 μον νΈΞ πτιου(α 55»). 
[Κ117΄4:44] Dp οὐ Sp). 
[*117-281] 2.p>a:9F. Prop 


#11746. bipoviveo.d.p>a [Proof as in #11745] 


#11747. bipovey>@w.d.p>a0 [#*117-45°104] 
#117471. Fipv.vpSo.d.p<com [#117°47-103] 
#1175. bFiweN,C.d.np2>0 
Dem. 
F. #603 .*100°3. 3b. qiClfan NefA. 
[*117-22)] DF.Nefas Ne‘A. 
[¥117-107.*101-1] DF. N,c‘a 550 (1) 


F.(1).*103'2. Of. Prop 
#117501. F:eN,C.5. 4220 [¥117°5-104] 
#11751. bipeN,C-—10.3.n>0 
Dem. 
F.*10L15.3F:Hp.3.p4+sm*0 (1) 
Ε. (1). #1175104. DF. Prop 
#117511. he weN,C—10.=.~>0 [4#117'5115°42] 
#11752. big l&.3.NeF>1 
Dem. 
b.#*51'2.Db:Hp.d.(qa).u@Ceé. 
[*117-222] >. (qa). Nett > Νοίίία. 
[*101-2] >. Ne‘ >1:51+. Prop 
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411758. ΕἸμενιΟ-- "Ὅς. 9. p51 


Dem. 
F. #10116 .#103:2.5:Hp.3.(qa). Noefa=p.qta. 
[117-52] >.(qa). Noefa=yu.NeaSl. 
[¥117°107] D.u421: 9+. Prop 

#117531. Fi weN,C—10.=.n>1 

Dem. 
F .#117°104. DF:ppl.d.peN,C (1) 
F #11751, *10122,.5+.1>0. 
([*117°45] Dhk:pel.d.p~>0. 
[#117°42] >. +0 (2) 


Ε. (1). (ΩΡ). Α117.58. D+. Prop 
#11754. Ε:.1ΞΞμιΞεμξθιν. μΞῚ]Ὶ 
Dem. 
+. *117-241 .*#101:2. *52°22.5 
bs. ley. =: (qa,a).p=N cia. qiNean Clee: 


[κ60.362] - =: (qa,2):m=Necla:qiNeantA.v.gqiNeaniia: 
(*51-31] =:(qa,v):p=No'a: Ae Nefa.v. te Nea: 
[¥101°17°29] =:(qa,a): τ Nicfa: Nefa = NofA.v. Ne‘a= Ne‘e‘a: 
px103°16] =:(qa,r).p=Nicla:w=Ne'A.v.p=Nete: 
[Κ1011.2] =:(qa).p=Noecfaiw=0.v.p=l: 


[*103°2°5°51] 
#11755. Fip>1l.=.peN,C-10-c1 


p=0.v.p=1:9F. Prop 


Dem. 
ΕΥ 4117-281. kip >l.s.ppel.~(1 Dy). 
[κ117.58184] =.peNC-—c0.n+0.p51. 
[#5115] 2.peN,C—e0—t41: 95. Prop 


#117561. ΕἸ we NC --κἰὸ --ἡἰ.Ξ: 
(qa): m= Νιοία : (qa, ψ). ὥ, yea τ =. pe 
Dem. 
F.#1032.5h:.eN,C—e0—-1'1.2: 
(qa). μ-- Νιοία. Nicfa$0. Nocfa$1: 


[*101'14] =1(qa).p=Nocfa.qia Nj eal: 

(*103°26] =:(qa).p=Nea.qia.arel: 

[452-41] =3(qa):p= Nica: (qa,y).a, yea. τε: (1) 
[*#54°26.%51°2] =: (qa): w= Ni cfa:(qa,y).taeuiyCasavulye?: 
[#13°195] =1(qa): p= Νιοα : (πο, ν, β).βε αν. βζαὰ . βεῖ: 
[πΆ64.101] Ξε :(Πα): με Νιοα τ: (4 β)}.β ζα.βε2: 

[Ἐ117.241]  =i:pe2 (2) 
F.(1).(2). 956. Prop . 
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*117°B6. + :Ne‘a Σ5 Νοῖβ. 3. Νοία +, Ne‘y 55 Ne‘8 +, Ne“y 
Dem. 
Ε. #110°12.%117'221.95 
Fk: Hp.3.(q8).8C] Δ). dsm | Aes. 

[¥110°11.*73°71.(#110°01)] 2. (δ). δυ ALL “uy Caty. 

δυ Δ Ψ “uy sm (8 Ὁ γ). 
[Κ111.221] D>. Νοία - 7) 5 Νοί(β Ὁ 7). 
[1103] >. Ne‘a +, Ne“y Σ5 Ne‘8 +, Νοῖγ : D+ . Prop 
4117561. Ε: pov.weNC.90.p4+,e727+,0 [11756] 

The proof of *117°561 follows from *117°56 in the same way as the proof 
of *117°31 follows from *117°3. In the remainder of this number we shall 
omit proofs of this kind. 

#11757. +: Ne‘a Σ Νοῖβ. 2. Ne‘a x, Νοίγ 25 Ne‘8 x, Ne“y 

Dem. 

b.x872. DhipCa. D-yh “pe Cyt “a. 


[*40°161.%113'1] D.pxyCaxy (1) 
F.#11318.3t:psm8.3.pxysm8xy¥ (2) 
F.(1).(2). DF:pCa.psmB.d.pxyCaxy.px ysmPxy. 

[%117°221 ] >. Ne‘(a x y) = Ne‘(@ x y) (3) 


t .(3).#117'221. 5+. Prop 
#117571. bap ov.aeN,C.3.px,opvx,o [*117°57] 
#117'58. Ε: NefaD Ne‘. 3. (Nefa)Nov S ΝΟ ΘΒ, ΝΘΎ 


Dem. 
b .435-43232 .DkipCa.d.ptyEaty. 
[*80°15] D-(pT yay Cat yaty (1) 
E.*l1G1519.>b:psmP.d. (pt y)afysm(B ft yay (2) 


Ε. (1). (2). ἈΠ7Ὶ221. 9 
Ε :ρζα.ρϑιῃβ. >. Ne‘(a 7 y)aSy = Ne(B 7 y)a’y . 
[%116°15-25] 2. (Nefa)o'y > (Nesp)Xe'v (8) 
F. (3). Κ117:221.2 Ε΄. Prop 
#117581. Fipoev.aeN,C.3.p7 Sv? [Κ117᾽68] 
The two following propositions are lemmas for *#117°59. 
#117582. Fi: qiy.8Ca.ceyexp(a—Q).3.(uc)f(yexpAycel—l. 
(υ σ)(γ exp 8) Cy expa 
Dem. 
F. #116183. 5: pe(yexp@).ceyexp(a—8).D.pCRxy. gC(a—8)xy. 
[*113-19.%24-21] D.pnc=A (1) 
Ε. (1). κ24.481.2 Ε:: Ηρ. 9. :-ρ,ρ' e(yexp8).Dipyc=puc.=.p=p't. 
[*71'58] 9 τ-ὸ (υ σ)] (yexp Bell (2) 
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F*113-191.3F:.Hp. diy | “Bay ld "(α--β)Ξ Δ: 
[*115°14.(#116-01)] D:p e(yexp§S).2.pyae Prod {y 4 “Bury L “(a—)}. 
[*37°22.%24°411)] D.pyce(yexpa): 
[*37°61] 9 :(uo)(yexp B) Cyexpa (8) 
F.(2).(3). 34. Prop 
#117583, Ff: @Ca.qly.3.(qr).7Cyexpa.rsm (yexp @) 
Dem. 
F.#*116171.5+:Hp.d.q!yexp(a—A) (1) 
Εν (1). #117582 .#73'15. D+. Prop 
#11759. ΕἸ Nea Νοβ. τ. 2. (ΝΟ Νοα 5 (NetyyNeF 
Dem. 
F.#117:221.5h:.Hp.Di(qp).pCa.psmPiqty: 


[¥117°583] 2:(qp,7T).pGa-psm@.7rCyexpa.rsm (yexpp): 
[*#116°19] D:(qr).7TCyexpa.rsm(yexp 8): 
[*117°221] >: Ne‘(yexp a) = Ne“(y exp 8) (1) 


F.(1).*116-'25.355. Prop 


The hypothesis is essential in the above proposition, for 0°=1 while 
1=(, so that 0° > 01. 


4117591, biwiey.oeN,C—10.3.0% Do" [x117-59] 
#117592. Fi: =1.a+0.a4¢1.5.8=0 


Dem. 
+ .*116:203.5+:.Hp.d:4,d5eN,C: 
[¥117-551°53] D:ap2:64+0.9.65>1: 
[€117°581°591] 5: δ)΄Ὲ0. 9. αὖ» 3). 
[*116°321.%117°244] 5. αὐ». 
[117-551] | 2..αὐ:Ε1 (1) 


-.(1). Transp. 3. Prop 
The above proposition is used in *120°53. 


#1176. FipveN C.3.44,7-S>piptovev 
Dem. 
+. ¥*117°5615.Dt:Hp.d.p+,»2u+,0-pt+ye04+,» (1) 
F.(1).%*1106 . #117°244, 2}. Prop 
#11761. Fivoepw.d.ptyo>p (*117°6:45] 
Fs 


wveN,C—t0.3.pX, vote pXgu ev 


F.#117°57153.5b: Hp. Dd. Χο ΞΜ ΧΟ] Ομ ΧΟΡ Bl xv (1) 
F.(1).%113°621 .*117'244. 54+. Prop 
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#11763. Ετα,βουεῦν]. 2. Νοία Χ, Νοῖβ 55 Neo‘a+, Nese 
Dem. 
b.*524.Transp.>+:Hp.3. (qa,e',y,y')- a,c’ ea.y,yeB.ate. y#y (1) 
+. «113101. Dh:Hp.awea-yyeB-cta.y+y. p= ly“a. 
gaa) “(RB—iy)via' ly d.pucCRxa (2) 
F.*55'15.5h:.Hp(2). 5: ὲρ. 9. ΘΒ τὺ: 
Sea] “(B= ty). Dg.TSeB— ty: ὦ  γτυγ: 


[81:28] :Εερ.ϑεσ. 3.5. RFCS: 

[κ24.37..κ80.37] ϑιραστλ (8) 
Ε.Ἀ73961611]. DF: Hp(2).3d.psma.a] “(B—cey)sm(B—tty) (4) 
F.#55°202. DF: Hp(2).3.2 Lywer] “(B- wy) (5) 
Ε, (4). (δ). Α͵8.11. Dh: Ap(2).2.psma.osmf (6) 
Ε΄. (8)..(6). 1018. 9Ε:ΉΗΡ (2). 3..ρυσενΝοία Ἐ β) (7) 
F.(2).(7).#*117-221.3+:Hp(2).5.Ne(@ x a) Σ5 Ne{a+ 8) (8) 
Ε. (1). (8). 113°141-25 .#110°3. D+. Prop 


#117631. Fi pveN,C—-cO0-11.5.x, ye pty [*117°63] 
The two following propositions are lemmas for *117°64. 


#117632. Fie Clatexcl e~meQul.p,ceProd‘k.pna=A. 
T=Rf2 {(qa,B).%4Bex.a$8.reB8.p=(p—-a—B)u(cna)ve‘a}, 
>.Tel—+1.D‘TC Prod‘x. (7 = 8% 
Dem. 
F.#l15-11145.5+:.Hp.aBex.atB.dip—a— Be Prod (x — ta—i'B): 
[4115°11-145] Ds (p—a— β)υ (σ αι 4) Prod‘(x«— 18): 


[¥115°145] DJ:re8.d.(p—a—B) vu (ona) vt we Prod’x (1) 
F.(1).*21°33. It: Hp. μα. 2. we Prod‘x (2) 
Ε΄ κ᾽ 4. Transp. Dk:.Hp.d:Gen.ae8.D.(qa).aex.atB. 

[21°33.%33°131] D>.c¢e0T (3) 
F. #2133 ..*33'181.5F:.Hp.d:¢eA0'7.5.(q8).Ben.ceB8 (4) 
F. (8). (4). It: Hp.d.0°7T= 8" (5) 
F.#2133.413172, 9 τ. Hp. Di μία να. μεν (6) 


F.#21°33.%413171.53+:.Hp.d: 7x. μα΄. 32. 
(ηα, α΄,,,.86γ}. α,α'εκ. β, β΄ εκ .ἀἘΒ.α' Ἐῤβ΄. 
(ρ --α-- β)υ(σαα)υ κα Ξαίρ -- αἰ -- β΄) αι (σ αὶ αὺν κ'α΄. 
[κ94.48.Η}]9. ua = ea! (7) 
Ε. (2). (δ). (6). (7). DE. Prop 


Ἀ117.688, Fs. κε ΟἸβ᾽ excl. κωυεθν 1 τ(ῃρ, σ). ρ, σε τοάκι ρα στ-λιϑ. 
T1Ne‘« > ΣΝοίκ 
Dem. 


ΕΚ. #117632. >+:Hp.>.(qy).yC Prod‘«.ysm s'«. 
(%117-221] >. Ne‘Prod‘« 2 Ne‘s‘« (1) 
(1). #11512. %112-15.5+. Prop 
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*117-64. Ε-, κε Ο]8᾽ excl: (qp,c).p,o¢ Prod‘e.pac=A:). 


Ti Ne‘« Σ5 ΣΝοίκ 
Dem. 
F, *112°321. #11421. Db:Ke1.5.TENeSxn = ΣΝοίκ (1) 
bt. #1142 .%112°3, ΕΓ: κεῦ,. 2. ΠΝοίκΞ 1 . ΣΝοίκεο, 
[¥117°51] 5. Ne‘e > Note (2) 
Ε- (1). (2). #117638. DF. Prop 
*117°651. Fra~re0U1.3.(Nefa)Ne* > Ne‘a x, Nese 
Dem. 
F .4*52°4. Transp . Db: Hp.Dd.(qa,y).2,yea.uty (1) 


t . #116152 .#55°23'202 .Db:a,yea.c+y.9.2] “By | “Be(aexps). 
al“Bayl“B=A (2) 
t,#*113°111. > Heal “8 ¢ Cls? excl (3) 
Ε. (1). (2). (8) «117-64 . 113114125 . 116-25 . (4116-01). 3+. Prop 
*117°652. F:weN,C—1O0—t'l.veN,C.3.u’ Sux,v [#117651] 
#11766. +. Ne‘Cl‘a > Nea 
Dem. 
+ .*102°72. Εν (q8).8Ca.8sm Cla (1) 
Εν #1006. «6061. Dr. tad Cl'a. t“asma (2) 
F.(1).(2).#117:13.95. Prop 
#117661. FiweN,C.3.2¢ > [11766 .%116-72] 
The above proposition 1s important. (See, however, the Introduction to 
the second edition.) 


#11767. b:«eCls*excl.q! Prod‘c.3. Ne‘s'« > Ne“« 


Dem. 
Ε.41161611.2 +i κα Clstexcl. we Prod‘. 3. μϑίὰ κι μῖζ se. 
[*117°22] 9. Ne‘s'x« > Νοίκ : DF. Prop 


#11768. f:R,Seete. RAS=A.T= PA loen.P=Rf—upu Sf ep} 
| >. Tell. DTC eae T= « 


Dem. 
Εν 21°33 .%13°172.95b:.Hp.3:PTp.QTp.3.P=Q (1) 
t .*23°631. Dt: Hp-pex.D.(TpyAS=Sf efp: 
f*13°17 ] Dt:Hp.p,cex. Τρ =To.d.Sfip=SPeo. 
[*35°65 | >.tp=t'c. 
[451-23] .p=e (2) 
Εν. (1). (2). Dt:Hp.d. Tell (3) 
b .42133.433-131.2+:Hp.d.0'T=« (4) 
Εν 80°36. Dt:Hp.d>.DTC ea‘ (5) 


Ε. (8). (4). (δ). 2. Prop 
#117-681. ΕἸ (qR,S8). B.S ees» RAS=A.D.Neeae Nex [117-6822] 
R ὅς W II 12 
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#117682. Kix Cr. ἐδ (λ -- κ). 2. Νοίεδίλ 55 Νοίεδλ'κ 


Dem. 
Ε. 8065. 25} :. Ηρ. 9 - Reese κὶ εεδ'( -- κὴ . 2. Κὼ δ 6 egtr (1) 
Εν 8014. 5b: Rear. See(ra—x). 9. GRaAGS=A, 
[433°33] >.RAS=A., 
[%25°4] >. (RuS)+S=R (2) 


-. (2). #138171 .35:Q, ReeadrA.SeaaA—x) QuS=RuS.3.Q9=R (8) 
F.(1).(38). DF: Hp. 8 εεὉ -- κ). 9. (ὦ ΘΓ εδ'ἰκεὶ 11. (ὦ S) enh C ead. 
[Κ117.22] 2. Νοίεδ'ίλ 55 Νοίελ"κ τ DE. Prop 
#117683, bs. Cr. qlea(A—x):(GR,S8).R,Seegike.RAS=A:r3. 
Ne‘ea‘r 2 Ne‘x — [117'681-682] 

#117684. Fic Cr. gles: (GR, 8). R,Seeste.RAS=A:3d. 

Nefea'h > Ne‘ [117-683 . #88°22] 

The above proposition is used in *120°765. 


GENERAL NOTE ON CARDINAL CORRELATORS 


The correlators established at various stages throughout Section B present 
certain analogies to each other, and they or others closely resembling them 
will be found to be the correlators required in relation-arithmetie (Part IV). 
We shall therefore here collect together the most important propositions 
hitherto proved on correlators. 


When we have to deal with correlators of two different functions of a 
single class, as e.g. ea‘ and Prod‘«, the correlator is usually D or 6 or 6] Ὁ, 


with a suitable limitation on the converse domain. Sometimes it is ¢j D or 
e|D. Thus for example the class εἰ ‘‘«, by means of which δέκ is defined 
(*112), has double similarity with « if « ¢ Cls* excl (#112°14); in this case, the 
double correlator 1s t| D with its converse domain limited, 1.6. 
t:«eCls?excl.2 UD} «ex Si 8πὶ (ε 7““κλ 
In the case of Prod‘« and e4‘«, the correlator 1s D, 1.6. 
Fixe Clstexcl. D. Df εδ'κ ε (Prod‘«) Si (e4‘x). 
In the case of ea's‘« and e,‘ea"x, the correlator is αὶ D, 1.6. 
k:«eCls?excl. 2. ὁ{ Df ea‘ea "x ε (ea‘s*x) Sim (€4%es"*x), 
δ} also correlates ea‘ with ea‘e [“‘« (#85°61) and Pa‘a with eSP] “a 
(*85'53), and Pafst« with ea{Pa‘« (#85°27°42) if « ε Cls? exel. 
The correlator of (a T 8)s‘8 with (a exp 8) is καὶ (#116131). 
Another kind of correlator arises where we are given a correlator of « and 
r, and we wish to construct a correlator for some associated classes W‘« and 
WX, or where we are given correlators of a with y and of @ with δ, and we 
wish to construct a correlator of a28 with y?6, where ? is some double 
descriptive function in the sense of *88. In this case, the correlator will 


usually be of the form #|| Ss (with ‘a limited converse domain). Sometimes 
Rand S will be identical; sometimes S will be Re. Such correlators always 
depend upon 


45561, br ΕἸ Rie. EL Sty. 3. (8 } 5) 4 72) =(R2) 1 (Sy) 

together with the propositions «7477 seg. giving cases in which (2|| ΘΓ A 18 
a one-one relation. It follows from *55°61 that if & and S are correlators 
whose converse domains include the domain and converse domain respectively 
of a relation P, then (Rj ΒΞ» will be a relation holding between R‘ax and 
S‘y whenever P holds between # and y. Examples of such correlators as 
R\|S are 


4112-153. Ε: Tex πἜπ α. 2. (7} ΤῸ} ste [re (e 74 κ) aT (eT) | 
12—2 
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#113:127. Ε: Rf yeasmy.SPde Sams... 
(RI 8}} (ὃ x y)e(a | A) sm am (y | “ὃ) 
¥*113-65. Ε. } 2“ax | 2B=( | 2|| Cav‘ | 2)“(a x 8) 
411451. Ε: TP sree sm ann. Ὁ. (Tl ΤῸ ea" (ει ἐκ) 5H (ea) 
#116192. F: RP yeasmy. SP de R8sms.d. 
(Ε St (δ x y) e(a exp 4) 8mm 8m (y exp δ). 
(Ri Sef (y exp δ) e(aexp 8) τῇ (y exp δ) 
An exceptionally simple correlator 15 given by 
#115°502. Ε: TP sXexsmsmr.D. Tf s*Prod‘Aa ¢ (Prod‘«) Sin sim (Prod‘A) 
Another exceptionally simple case 18 
«7363. -F:Seasm@.ThaThBelrvl.avegCdaT7.5. 
ΤΊ S| Te(Ta) sm (TB) 
By means of the above correlators, most correlators that are required can 


be caleulated. Thus it will be seen that *116°192 in the above list is an 
immediate consequence of *113°127 and *115°502, since 


aexp @= Prod‘a i “Β and s‘Prod‘y L “ἐδ- xy. 


In order to develop the subject, it is almost always necessary, not merely 
to prove that two classes are similar, but actually to construct a correlator 
of the two classes. This applies equally to relation-arithmetic, in which 
analogous correlators are used to prove ordinal similarity. 


SECTION Ὁ 


FINITE AND INFINITE 


Summary of Section C. 


The distinction of finite and infinite is not required, as appears from 
Section B, for the definition of the arithmetical operations or for the proof of 
their formal laws, There are, however, many important respects in which 
finite cardinals and classes differ respectively from infinite cardinals and 
classes, and these differences must now be investigated. 


There are two different ways in which we may define the finite and the 
infinite, and these two ways cannot (so far as is known at present) be shown 
to be equivalent except by assuming the multiplicative axiom. As there 
seems no good reason for regarding one of these ways as giving more exactly 
than the other what is usually meant by the words “finite” and “infinite,” 
we shall, to avoid confusion, give other names than these to each of the two 
ways of dividing classes and cardinals. The division effected by the first 
method of definition we shall call the division into inductive and non-inductive ; 
that effected by the second method we shall call the division into non-reflexive 
and reflexive. 


The division into inductive and non-inductive, which is treated in *120, is 
defined as follows. An inductive cardinal is one which can be reached from 0 
by successive additions of 1; that is, an inductive cardinal is one which has to 
0 the relation (+, 1)y, where (by *38-02) +, 1 is the relation of a+,1 to a, and 
the subscript asterisk has the meaning defined in *90. Hence we put 

NC induct =@ {a (+, 1), 0} Df 
By applying the definition of *90, this gives 
Fisa@eNCinduct.=:.fen.3;.E+,lemiQepid,.aep 

This proposition may be regarded as stating that an inductive cardinal is 
one which obeys mathematical induction starting from 0, 7. it is one which 
possesses every property possessed by 0 and by the numbers obtained by 
adding 1 to numbers possessing the property. In elementary mathematics, 
it is customary to regard mathematical induction, as applied to the series of 
natural numbers, as a principle rather than a definition, but according to 
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the above procedure it becomes a definition rather than a principle. This 
procedure is unavoidable as soon as it is perceived that there are cardinals 
which do not obey mathematical induction starting from 0. (This only holds 
on the assumption that the total number of objects in any one type is not 
one of the inductive cardinals. This assumption, in a slightly different form, 
is introduced below as the “axiom of infinity.”) Thus for example 0+ 1, and 
F4£4+,1.9.£4,1+£+4,2. Hence if a is any inductive cardinal, a+ +4, 1. 
But we know that &,, the first of Cantor's transfinite cardinals*, satisfies 
&)=&,4,1. Thus mathematical induction starting from 0 cannot be validly 
applied to prove properties of δὲ. It follows that the inductive cardinals as 
above defined are only some among cardinals; nor does it appear that there 
is any way of defining them except as those that obey mathematical induction 
starting from 0. It follows that mathematical induction is not a principle, to 
be either proved or assumed as an axiom, but is merely a characteristic 
defining a certain class of cardinals, namely the class of inductive cardinals. 


By a syllogism in Barbara, it is evident that 0 is an inductive cardinal; 
hence by the definition 1 is an inductive cardinal, and hence 2, 3, ... are 
inductive cardinals. Thus any given cardinal in the series of natural numbers 
can be shown to be an inductive cardinal. The usual elementary properties 
of inductive cardinals, such as the uniqueness of subtraction and division, are 
easily proved by mathematical induction. 


We define an inductive class as a class the number of whose terms is an 
inductive cardinal. More simply, we put 
Clsinduct = ΝΟ induct Df. 


It is then easily shown that an inductive class is one which can be reached 
from A by successive ‘additions of single members. That is, if we put 


M=AE (ay). ἔπεην vy), 
then Cls induct = M,‘A. 
Thus we have 
Fi: peClsinduct.=:.nep.D,y-9V¥lyepiANepir, pep. 
We might equally well have begun by defining inductive classes, and pro- 


ceeded to define inductive cardinals as the cardinals of inductive classes; in 


that case, we should have used the above relation M to define inductive 
classes. 


Some of the properties which we expect inductive cardinals to possess, 
such for example as a+a+,1, can only be proved by assuming that no 
inductive cardinal is null, 1.6. that 


ae NCinduct.3,.qta. 
This amounts to the assumption that, in any fixed type, a class can be found 
* For the definition of Np, cf. +123-01 and p. 186 of this summary. 
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having any assigned inductive number of terms. If this were false, there 
would have to be some definite member of the series of natural numbers 
which gave the total number of objects of the type in question, Thus suppose 
there were exactly ἢ individuals in the universe, and no more, where n is an 
inductive cardinal. We should then have 2” classes, 2°” classes of classes, and 
so on. In that case, in the type of individuals we should have n+,1=A 
n+,2= A, etc. Hence we should have 
n+,l=(n+,1) +4, 1, ete. 
In the type of classes, we should get similar results for 2", and so on. It is 
plain (though not demonstrable except in each particular case) that if the 
assumption ae NC induct. 3, .%! a fails in any one type, it fails in any other 
type in the same hierarchy, and if it holds in any one, it holds in any other, 
for if n be the total number of individuals, then if ἢ is an inductive cardinal, 
the total number of any other type is an inductive cardinal, while if n is not 
an inductive cardinal, no more is the total number of any other type. Hence 
the assumption ae NC induct .>,.q!a is either true in any type or false in 
any type in one hierarchy. We shall call it the “axiom of infinity,” putting 
Infinax.=:a¢eNCinduct.5,.qia Df. 
This assumption, like the multiplicative axiom, will be adduced as a hypothesis 
whenever it is relevant. It seems plain that there is nothing in logic to ne- 
cessitate its truth or falsehood, and that it can only be legitimately believed 
or disbelieved on empirical grounds. When we wish to use a typically definite 
form of the axiom, we shall employ the definition 
Infin ax (2) .=:aeNCinduct.3..qia(z) Df, 


which asserts that, if a is any inductive cardinal, there are at least a terms 
of the same type as a. 


It is important to observe that, although the axiom of infinity cannot 
(so far as appears) be proved a priori, we can prove that any given inductive 
cardinal exists in a sufficiently high type. For if the total number of individuals 
be n, the numbers of objects in succeeding types are 2”, 2", etc., and these 
numbers grow beyond any assigned inductive cardinal. Owing, however, to 
the fact that we cannot add together an infinite number of classes whose 
types increase without limit, we cannot hence show that there is a type in 
which every inductive cardinal exists, though we can show of every inductive 
cardinal that there is a type in which it exists. 1.6. if a is any inductive 
cardinal, there must be a type for ὦ such that ἢ ἴ α (ὦ) is true; but there need 
not be a type for ὦ such that if a is any inductive cardinal, q! α (@) is true. 


The axiom of infinity suffices to prove the existence, in appropriate types, 


of &, 2%, gio ... &, &,,...% It does not suffice, so far as we know, to prove 


* For the definitions of &,, N,, etc., see «265, 
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the existence of X, or any Aleph with a greater suffix than ὦ, because the 
existences of N,, &,, ... are proved in successively rising types, and no meaning 
can be found for a type whose order is infinite. 


The other definition of finite and infinite is of less importance in practice 
than the definition by induction. It is dealt with in *124, According to 
this definition, we call a class reflexive when it contains a proper part similar 
to itself, 2.6. we put 


Clsrefl = ἃ {(q@R).Relta1.DR=a.GRCa.d Rta} Df, 
or, what comes to the same thing, 
-» 
ΟΙΒ τϑῇ - ἃ (.1}ὺ. Κε1- 1 ΠΕ Ο ΠΕ. 8.0}. α τ Ὁ ΕἼ Dé 


We call a cardinal reflexive when it is the homogeneous cardinal of a reflexive 
class, 1.9. we put 

NCrefl=N,c"Clsrefl Df. 
It is easy to show that 

NCrefl = @{qla.a=a+,1}. 
We find that inductive classes and cardinals are non-reflexive, and reflexive 
classes and cardinals are non-inductive. We find also that reflexive cardinals 
are those that are equal to or greater than &,, while inductive cardinals are 
those that are less than X,. By assuming the multiplicative axiom, we can 
show that every cardinal is equal to, greater than, or less than &,, whence 
it follows that every cardinal is either reflexive or inductive, thus identifying 
the two definitions of finite and infinite. But so long as we refrain from 
assuming either the multiplicative axiom or some special axiom ad hoe, it 
remains possible (so far as is known at present) that there may be cardinals 
neither greater than, nor equal to, nor less than &,. Such cardinals, if they 
exist, are neither inductive nor reflexive: they are infinite if we define 
infinity by the negation of induction, but finite if we define infinity by 
reflexiveness. It is possible that further investigation may either prove or 
disprove the existence of such cardinals; for the present, their existence 
must remain an open question, except for those who regard the multiplicative 
axiom as a self-evident truth. 


In *121 we shali consider intervals in a discrete series; 1.6. in a series 
generated by a one-one relation between consecutive terms. If P be the 
generating relation of such a series, and # and y be two members of the series, 
of which y is the later, the terms which lie between # and y are the terms z 
for which we have 

BP μοῦ + ZP yo; 


where P,, has the meaning defined in *91. Henge we put 
— —> 
P(a-y)=P,‘enP,*y Df, 


where “P(#—y)}” means “the P-interval between ὦ and y.” We want also 
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symbols for the interval together with one or both of its end-points. For 
these we put 
«- - 
P(ary)= Peo Ῥχν DE, 
«- -μ 
P(ary)= Pyfan Pyofy De, 
«- - 
Parry) = Pyfan Pyfy DEP. 
Thus, for example, if « and y be inductive cardinals, and P be the relation of 
nton+,1, and «< ψ, P(«—y) will be the numbers greater than «x and less 
than y, while (5 --ἰ 2") will be these numbers together with y, P («+ y)-will 
be these numbers together with ὦ, and P(«-y) will be these numbers to- 
gether with both « and y. By means of intervals, we define a class of relations 
P, (where ν is any inductive cardinal), where “xP,z” means that we can pass 
from ὦ to z in ν steps. In order to fit the case in which ὦ and z are identical, 
and to insure that no relation such as P, shall hold between terms which do 
not both belong to the field of P, we put 
P, = 29 (N¢P(eHy)=v4,1} Def 
Then, provided ἢ... ὦ], P)=If CP, and if further Pe1—+1, then P,=P, 
P,= P*, ete. If P is a transitive serial relation, P, is the relation “immediately 
preceding,” which has great importance in well-ordered series. In this case, 
P,=P+FP*, If P is a transitive serial relation generating a finite series or a 
progression or a series of the type of the negative and positive integers in 


order of magnitude, we have 
P=(Py,)y0- 


In *121 we shall only consider P, in the case where 
P«(1—>Cls) v (Cls > 1), 


and generally we shall have the further hypothesis P,,GJ. We can then 
prove that the interval between w and y is always an inductive class (it will 
be null unless #Pyy); this proposition is useful in its application to the 
number-series and to progressions generally. 


When P «(1 +Cls) v(Cls 1). P,, GJ, the class of such relations as P, 
(where ν is an inductive cardinal) is identical with Potid‘P, the class of powers 
of P (cf. *91 seg.). This identification (which does not hold in general without 
the above hypothesis) leads to many useful propositions. In #91 seq. we 
treated powers of a relation without the use of numbers, 1.6. without defining 
the vth power of P. When the powers of P are the class of such relations as 
P,, we can of course take P, as the vth power of P. The general definition 
of the vth power of P (where ν is an inductive cardinal) will be given later, 
in *301; we shall denote it by P’, thereby including the notation P? already 
defined. 


* These symbols are suggested by those given in Peano’s Formulaire, Vol. rv. p. 116. 
(digédbre, § 46.) 
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In *122 we shall deal with progressions, 1.6. with series of the type of the 
series of natural numbers. In this number, we shall deal with such series as 
generated by one-one relations; they will be dealt with at a later stage (*263) 
as generated by transitive relations. We define a progression as a one-one 
relation whose domain is the posterity of its first term, 1.6. 


Prog = (1-1)n R(D‘R=2y<BR) De. 
According to this definition, there must be a first term ΒΕ, (ΠΕ will be 
R“R,‘BR, ie. RyfBER, which is contained in Ry‘B‘R, ie. in D4R; since 
‘RC DR, every term of the field of R has a successor, so that there is no 
end to the series; since (‘R= D‘R = Ry BER, every term of the series can 


be reached from the beginning by successive steps. These characteristics 
suffice to define progressions. 


In #123 we proceed to the definition and discussion of &,, the smallest of 
reflexive cardinals. This is the cardinal number of any class whose terms can 
be arranged in a progression ; hence it is the class of domains of progressions, 
1.8. we may put 

&, = DProg Df. 

With this definition, remembering that A is a cardinal, we can prove that &, 
is a cardinal; but to prove that N, is an existent cardinal, we need the axiom 
of infinity. The existence-theorem for &, is then derived from the inductive 
cardinals, which, if no one of them is null, form a progression when arranged 
in order of magnitude. It should be observed that this existence-theorem is 
for a higher type than that for which the axiom of infinity is assumed. In 
order to get an existence-theorem for the same type, we need the multiplicative 
axiom as well. 


After a number on reflexive classes and cardinals (*124) and a number 
on the axiom of infinity (#125), the Section ends with a number (*126) on 
“typically indefinite inductive cardinals.” The constant inductive cardinals 
are the typically ambiguous symbols 0, 1, 2,...; thus we want to define the 
class of inductive cardinals in such a way that a variable member of the class 
shall be typically ambiguous. This is not possible without a sacrifice of rigour, 
but in *126 it is shown how to minimize the sacrifice of rigour, and how to 
obviate the resulting logical dangers. A variable whose values are typically 
ambiguous is said to be “ typically indefinite.” 


A proof that all inductive cardinals exist has often been derived from 
*120°57 (below). But according to the doctrine of types, this proof is invalid, 
since “μ +_1” in *120°57 is necessarily of higher type than “y.” 


#118. ARITHMETICAL SUBSTITUTION AND UNIFORM 
FORMAL NUMBERS 


Summary of *118. 


A difficulty arises respecting substitution in arithmetic. For if μ is a 
formal number and its occurrence in fu 18 arithmetical, then by HT μ is 
always to be taken in an existential type. Hence we can only substitute a 
real variable & for 4 under the hypothesis q!&, and we can only substitute 
another formal number o for » provided that the equation # =o, which 
justifies the substitution, is arithmetical, 1.6. provided that in this equation 
the type of w is such that q! μ. . 


The result is that the application of *20'18 is apt to lead to fallacies 
owing to the different meanings which a formal number may possess in 
ditferent occurrences. Hitherto we have considered each case in detail, eg. 
note on *110°61, and proof of *110°56. 

The condition for the safe application of *20°18 is given in *118-01, namely 
#11801. bigtp.w=o.difp.=.fo [*2018] 

This question is more fully discussed in the prefatory statement of this 
volume. The first reference to *118°01 is in *120:222. Another way of 
evading the difficulty is to work with formal numbers which, together with 
all their components, are of the same type. This leads to the consideration of 
Uniform Formal Numbers, which with the exception of *118°01 occupies the 
rest of the number. 


The dominant type of a formal number as used in any context is the type 
of the formal number itself in that context, and the subordinate types of the 
formal number are the dominant types of its component formal numbers. 


When the dominant types of some of the formal numbers are not expressly 
indicated by an explicit notation (cf. x65), the rules according to which the 
dominant types thus left ambiguous are to be related, so far as they are 
related, including the rules governing the relation of subordinate types, if left 
ambiguous, to dominant types, are given by conventions IT, IIT, and AT of 
the prefatory statement in this volume. 


We have now to consider an important special case which arises when 
types are explicitly indicated by the use of *65°01:03. A formal number, 
whose subordinate types are the same as its dominant type, is called uniform; 
and if some of its subordinate types are the same as its dominant type, it is 
called partially uniform. A formal number can only be partially uniform, or 
at least so designated as to be necessarily partially uniform, when the dominant 
tvpe and those subordinate types identical with it are expressly indicated by 
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*65°01'03. For otherwise the conventions 11, IIT, and perhaps also AT, 
apply ; and these do not secure uniformity, and may perhaps in some contexts 
be inconsistent with it. 


Common sense in its consideration of arithmetic habitually disregards the 
possibility of a formal number representing A. In other words, it always 
applies conventions IIT and AT. But also, owing to its disregard of types, 
it assumes that the formal numbers are all uniform. The assumption which 
is really essential to this common sense reasoning, so far as the form of its 
arithmetical conclusions are concerned, is the assumption that none of the 
numerical symbols represent A. This assumption is secured here, when no 
types are expressly indicated, by ΠῚ and AT. We have now to consider 
the effect on arithmetical operations of the other assumption, that the formal 
numbers are uniform, or partially uniform. There is no difficulty arising from 
any change of convention for symbolism, since, as stated above, partial or 
complete uniformity is secured by express indication of type. Accordingly 
conventions IT, II'T continue, as always, to apply when the types of formal 
numbers are left ambiguous. 


Convention AT will not be applied either in *118 or 3.119 or *120: in 
*118 the fact is entirely unimportant since the dominant types of equational 
occurrences are always indicated, so that no case arises when it could apply. 


Apart from its intrinsic interest and its bearing on substitution, the 
arithmetic of uniform formal numbers is necessary for *120, where the 
fundamental arithmetical properties of inductive numbers are investigated. 


The propositions of this number are proved by the use of the results of 
*117. The basis of the reasoning is 
#11813. Fiuaqv.d:qisméo.3.q! smu 

In *118°'2°3-4 the meaning of the symbolism for dominant types is stated, 
namely 
"1182. Fe (utere=7 {(qa, 8). με Νιοία.ν =N ck8.nsme(at β}} 
#1183. bi (ue x,v)e= ἢ {(qa, B)-n=N,cla.v=N,c'8. sme (ax β}} 
*118-4. Εἰ (μ")εΞ- ἢ {(qa, 8). p= N cka.v=N,c'8- 15m; (a exp 8)} 

The important propositions which are finally reached for addition are 
Ἀ11828. bipveNC.3.(u+,¥)¢ =(smep+,sm;"v); 
*118°24. F:iveNC.D. (μ Ἐς »)εξΞ (μ -Ἐρ βίι κ νὴ); 
Ἀ118241. ΕἸ we NC.D.(ut,v)¢=(smz“u Ἐς ν)}ὲ 
ἈἘΠ826. Ε-(μ τὸν Ἐς m= [(μ ῬονῈ Ἐς ole = {μ-Ἐο(ν Ἐς mele 

The important propositions for multiplication are 
#11833. Ετμινε ΝῸ -- 10.3 .(u x,v) = (mee x, βίης νῈ 
#11834. biveNC.n+0.D. (u Xovye= (eX, 8myz"y), 
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#118341. FiweNC.vt0.D.(ux,v)e= (sme pu Χο νῈ 
*118-'35. bia+0.d.(u x,y x, m= [(μ Χο ν}ὲ Χο Be 
#118351. bi wtO0. Dd. (ux vx, π})ὲξ [u Xe lv Χς Bele 

The important propositions for exponentiation are 
*11843. ΕτμινεΝΟ- μὸ, 441.9. (u") = {(sme pyre |e 
Ἀ118.44, biveNC.ut0. 441.3. (u")p= μεν 
*118-441. FiweNC.v+0.5. (μη}ὲ = {(smep)" te 
*118-45. Fie tO.u tl. dD. (μη χοσὴε τ ἱμίηχοα) ες 
#118451; bie 40.3. (w**) = [Wh 
#11846. Fi μξῦ. μῈ 1.9. (μήτ σ)ὲξ [ue tome}, 
Ἀ118.461. Ε΄ (net e™)e = {{μ")ὲ Xo (waht 
with two analogous propositions *118°462°463, 
#11847. Ε:α ἘΡῸ.,2. fm xev)™e=[{(u Xor}7h 
Ἀ1718.471. Εἴ wtO0.vt0.V.0=0.v.0(u,v,76N,C):D. 

(CH Xe ve Ξε [Cue χο (v™) a] 

with two analogous propositions *118°472°473. 

It is thus seen that, apart from some exceptional cases connected with 0 
and 1, in all arithmetical operations uniform, or partially uniform, formal 
numbers can replace those constructed in obedience to convention ITT. 


#11801. Figqlvip=o.difu.=.fo [Ἀ3018] 

As far as the symbolism is concerned, this proposition with the omission 
of ἢ ἔμ from the hypothesis is a transcript of 20°18. But if μὶ or o (not ex- 
cluding both) is a formal number, q ἢ μ is required in case the occurrence of 
μ' in fu is arithmetical. In fact this proposition embodies the three funda- 
mental propositions of the Principle of Arithmetical Substitution arrived at 
in the Prefatory Explanations on Types. Its necessity arises from the con- 
vention I1T which is explained there. 


#11811. F:qiNe(é‘B.aCP8.d.qINe(é)fa 
Dem. 
.*10031.5+:,Hp.3: 
ye Ne(é)'8.d.ysm: 8. 
[x73'1] D.(qk). Rel E1.y=D‘k. B=. 
[%22°55] D.(qR). Rel (Θ -Ἴὶ ας GR. Κατ Ra. 
[¥73°12] >.(q Rk). R“asm a. 
- [10031] D.qiNe(é)fa: Db. Prop 
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#11812. F:.NefaQNe'B. Dd: qi Nc(E)'B.9.qINe(Eya 

{*117'32:107 . *100°511] 
Ἀ11818. FigeSv.diqgismev.9.qisme we [*117-32] 


1182.  b(uter)e= ἢ {(Ha, A)» w= Necla.v =NyeB «7 sm; (a+ β}} 
[(*65:01-03) . *110°2] 


#118201. big i(v+,v).d.sme“(et+,r) ξξ μ +, 4) 
(*110'44, Note change in enunciation] 


#11821. Fiqi(w#i,v).9-qisme nu. ἢ isms y 


Dem. 
Εν 1104. 1182. ΕΣ Ηρ. 9. μιν ε ΝΟ, 
[¥117-6] Di μον μομ Ὥν Sr. 
[*118°13-201 (II T)| D.qisme yp. qismey: Db. Prop 


Here the reference (IIT) is to the convention IIT explained in the 
prefatory statement. 


#11822, Fiu,veNC.diqi(ut ve. ΞΞ. A! (sme et, smey)e. 
a! (wt+esmey)g. Ξ . Ἢ i (sme“p +r): 


Deni. 
F.#l1821.9b:. Hp.diqiQut ne. = Ἡ ἢ (μ Ἐς »)ε. ism. qisme vy. 
[*110°25-4] =. ' (sme +, sme“*v); (1) 


Εν. #11821 .*103°43 .*110°4.) 

Kr. Hp. dsqi(ut yyy = qi (utr Tismunt pn. qism yr. 
[*103-43.%110-25°4} . Ἢ ἔ( Ἐς sme *y)¢ (2) 
Similarly Fri Hp. Oiqiqu+, vy =. ql (sme utevye (3) 
b.(1).(2).(3). 3+. Prop 


ll 1 


*118:23. Ε: Bue NC.O. (ut, νὴ = (sme“u +, smyg“‘y)¢ 

Dem. 
b 118-21. #110425. Ὁ ΕΞ Τ(μ- Ἐν}. 9 «(μ Ἐς») Ξ (sme +,smev)e (1) 
Ε.Ἀ1Π18:.22,. 5Ὲ : Hp.~gqi(wt+ ve. Dd. (μ -Ἐς vie ΞΞ (sme pt+,smyv)e (2) 
Ε.(4). (20). 3Ὲ. Prop 


Ἀ11824. F:iveNC.D. (p+, v)e= (ute sme‘‘y): 


Dem. 
b .#118°21 . %110-4-25 . ¥103°43 .D 
Ei qi(utevler D(a tyre = (μ +. sme*r)s (1) 
FexellO4. DkipreNC.D.(wtyv)e= (wt, sme*v)s (2) 


11822. Db: Hp. με ΝΟ «οὐ (ute ven Do (ute rs=(u Ἐς sme); (3) 
Ε. (1). (82). (3). DF. Prop 


*118-241. Fs weNC.d.(u+,v)¢=(sme“uteov)e [*118:24.4#110°51] 
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*118-25. Εἰ (μὲν Τὸ πὴ} ΞΞ ἰ(μ +e ν)ὲ te τὶς ἱμ τοί +, mele 


Dem. 
Εν #11042 . #118-241°201. (IIT). 
bipveNiC.D.(utoute = (ue terete Ble (1) 
F.*1104. ϑΕῖυί,,ν ε ΝΟ). 5. με εντ Δι(μ Ἐν σελ. 
[*110°4] Ὁ. (teu te T= ἰ(μ +evet, ote (2) 
Fe). (2). DF (ute Ἐς πν)ὲ τ [(μ -Ἐς ν}Ὲ δ Bh: (3) 
Similarly Fe (utev ty w)e= {tov +. BEE (4) 


F. (8). (4). 95. Prop 

*1183. F.(ux.v=F (qa, 8). w= Nicfa.v=N cS. sm; (ax β}} 
(65-01-08) . ¥113-2] 

*118-301. Fig! (ux,v).D.sme(w X,v)=(u Χονὴ [Proof as in ¥118-201] 

#11831. bigqiQu x,y). vt0.3.q! sme ue 


Der. 
Εν #1011512. Ikip=0.9.q i sm;e“p (1) 
b.#113-208.%1183.5Db:Hp.2+0.3.u,veN,C—e0. 
[¥117-62] ΧΟΡ ΣΣμ. 
[¥118°13°301.(1I T)} >. Ἤ ! sm g**u, (2) 


F.(1).(2). D5. Prop 

#118311. Fi qi(uxev)eew¢O0.D.q tsme fy [#11831]. *113-27] 

#11832. bki.veNC.pt0.9:q!l(ux,v)e. =. q! (ue Χο sm:v) 

Dem. 

F.*113'208. ΞΕ ΣΉ Τ(μ Χο) με ΝΟ (1) 
+. *113-203. Dh: ql(ux,sms“v). D. we NC (2) 
Εν *113°203 .*118'311.3 
Fi.Hp.diqi(ux,v).-I-qiu.qismg. 


[*103°43] D.qism'unt we. qisme vy. 
{(1).4113-26.*103-43] D. ql (we x,smev)e (3) 
F . *113'203 . »108.48.9 

k:i.Hp.d:q!(ux,smey):. 9... ql sm@nn ἐμ «τ ism vy. 
[(2).#113'26.%103-43] 5. Τῷ Χονὴ (4) 


Εν (8). (4).32 Ε΄ Prop 


Ἀ118.38. Ε: bs VE NC — (Ὁ... (μ Xe ve = (sm¢‘‘p X, sme*y): 
[Proof as in *118'28, using #118°31°311 . *#113°203-26] 


#11834. Εἰ νεΝύ, μΈ0. 2. (ὦ Χεν)εξ (μ x, sme"): 


Dem. 
F. *118°311 . *113°203-26 . *103-48 . 9 
bil (u xeve. $0. D6 (pm Xov)e=(m Χοδβιηρίν (1) 
b.#11832.3F:Hp.ng!i (ux ry. Derg ilu x,smeiv)« 
[*24°5 1] >. (μ Xe v= (μ Xe sm;¢“y} (2) 


F.(1).(2)e DE. Prop ° 


102 


CARDINAL ARITHMETIC 
t 


[PART ΤΠ 


*#118:341. bs: we NC.v+0.5.(uX,v)p = (sme x, ve [#118-34. *113-27] 


#118°35. 


*118'352. 


*118°4. 


#118°401. 
¥118°402. 

Dem. 
Εν x103-2 


[¥117°651] 


#118°41, 
Dem. 


#118-411. 
*118°42. 


#118421. 


#118:43. 


*118°44, 


*118°441. 


#118°45. 
Dem. 


bia tO.D. (uw Χεν Χο B= ἰ(ῳ Xo v)e Χο whe 


[Proof similar to «118-25, using *118°341-301 . *113-203:23} 
#118351. Fi wt0.3.(u x, X,o)s= ἰμ χείν Χο σλεὶε [118-35 .%113-27] 


bi peO.a +0. 2. fu Xo(v Xe wale = [(m χε ν} x, we 
[¥118'35°351] 


Εν(μ"}}Ξ ἢ {(qa, 8). p=Nicfa .v=N,c88.9 sm: (aexp 8) 


[(%65°01-03) . *#116°2} 
Fig tw’.2.sm;w" =(u"): [Proof as in *118'201] 
br gwveN C.pt0.psl Oi gi(uys.D.qi(ux,v) 


Dt:.Hp.3:(qa,B)-n=N cfa.v=N cf{B.areQul: 


>: (qa, 8). p=Ncfa.v=N,c'8. 


(ΝΙΝ > Nicfa x, Νι" β : 
[Κ11813.3015401.(117}] 9 τ (μ᾽). 9.- (ὦ χον)ετν 3 Εν Prop 


birqi(uye.v 0. 3. qi smep 


+. #118'402°31 . Db: Hp.gtl.ptO0.d.q!smz"u (1) 


b. €101°12°15°241°28. DF: w=O0.ve.p=lid.qism: un 


b.(1).(2). DF. Prop 

ΕΣ (αὐ) tO0.wt1-D.qismey [%118°402°311] 
ΕἸ ΡΕΝΟ, μΈ Θ.μΞ 1.9 τῇ ᾿(μ"ὲὲ . Ξ. ql (ames 
{Proof as in *118°32, using *116'203'26 . *118-411] 

br με ΝΟ, ν +0. 9 τῇ δ (ue. =. a! (sep) 
{Proof as in *118°32, using *116°203°-26 . ¥118-41] 
Ετμ,ν ΝΟ -- (Ὅν μῈἘ 1.9. (μ"}ὲ-ΞΞ [(sme nye}, 
{Proof as in *118°23, using *#118°41:411 . *116°203:26] 
biveNC.u+0.u+1.9.(py")e = (pe); 

[Proof as in *118:34, using *116°203-26 . κ118'411:42] 
kipeNC.v+0.9.(y")2 = {(sme*p)"} 

[Proof as in *118°34, using #116-203:26 . &118-41°421] 
Rept 0. ppl. Dd. (wr%ome= (wexeme), 


F .*#113'23 .*118-44-301. (IIT). 9 

b:Hp.v, we NC. 9. (ur%eP) p= [yirxom gle 

F.#113-203. Dbkin(y,a6N,C).D.yx,o=A. 
[¥116-203] 5. (prem )p m= [ulr%omighe 
F.(1).(2), DF. Prop 


(2) 


(1) 


(2) 
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#118451. Fra 0. 9. (u?*?),=[[(u")e}7 le 


Dem. 
f.*11663. Dk: Hp.weNC.d. (ur%”)e= {(u") he 
[#1 16-23.%118°441-401.(IIT)] =[{(e")7]e (1) 
Ε.Ἀ1Π16204. 3b: με ΝΟ. 9. (ur?) πε {{μ5}} 5}: (2) 
f.(1).(2). D4. Prop 


#11846. ΕἸ μΈΘ. μῈ 1.3. (μ" τ. σ)εΞΞ {tem et, 
| Proof as in *118°45, using *#118°44°201 . #116°208 . #110°4°42] 
#118461. ΕΙ. (ute) = [(μ᾽)}ὲ Xo (u™ Dele 
Dem. 
b.#11652.3b:4+0.5. (ute )e = (wu Χο δ) 
[*116°35-23.4%118-33-401.(1IT)] = {(w")e Xq (w™ ele (1) 
F #1104. #113°203 . *116°203.9 
s~(v, oe NiO). 2. (u’te™)e = {(u)e Xo (uate (2) 
. *116°311 . *113°601.#110°62.5 
sv, ae NC — 10. ~=0.9. (pte )e= [(μ"}ὲ Xo (we ele (8) 
. *116°311°301 . 1106. *113°601 . > 
sve N,C-10.07=0. w=. 2. (ute?) = ἰ(ω"} Xo (u™)ehe (4) 
Similarly k: we N,C—t'0.v=0.H=0.9.(u"% *)e= (Cue Xo (wr ele (6) 
Εν. #116301. *113°621.5 
biy=O.5 =O. ~=0.9. (pte )e= {Cue Xo (Hehe (6) 
F.(1).(2).(3). (4). (δ). (6). DF. Prop 
#118462. Ε΄ (μη τ. "p= {μ᾽ x, (us: [Proof as in «118461, using *118°34] 
#118463. Ε΄. (μ" 1. 5) Ξ ((u”)e x, ete [Proof as in #118461, using *«118°341] 
#11847. b:a+0.59.{(u x,v)"}e=[[(u ove} le 
[Proof as in *118°45, using *118-441] 

#118471. Ε: 440.0+0.v.c0=0.V.0(u,»,0eN,C): 5. 

(ῳῳ Xo v)?}e= [He Xo (Yeh 


τττ τ τ 


Dem. 
ΕΟ #11655. Db re tO. vt0.D. {(ῳ Xv) e= fut χ, v7 Je 
[#116°35°23.%118'33-401.(II T)] = ἰδ} Xo (vale (1) 
Ft .*110°4.*113°203 . *116°203 . 3 
Ετευίμ,ν, oe ΝΟ). 9. {(u Xov)7}e= (ume Xo (v™)sle (2) 
F.#*116°301 .#113°621.5 
bry,veN,C.a=0.). {(u x, v)™}e= [(μ5) Xo (v™ )ehe (3) 


F.(1).(2).(8). DF. Prop 
#118472. ΕἸ u+0.v.0=0.vV.0(u,n,0€N,C) 2D. [(μ Xo r)7}2e= {un xo(v™ he 
[Proof as in *118°471, using *118°34] 
#118473. bi. vt0.v,a=0.V.~(u,n,07€N,C) :9.. (( Xo v)}e={(U™eXor™ fe 
[Proof as in *118°471, using *118°341] 
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4119, SUBTRACTION 


Summary of 5119. 


The treatment of subtraction follows the same general lines as that of 
addition, and is simplified by the results in #110. A difficulty arises from 
the fact that subtraction (in any ordinary sense of the term) is not always 
possible; and also from the fact that the result, when possible, is not always 
a cardinal number. 


We put 
#11901. y—,v =F {NeE+,v=y.qINeE+,r} Df 
Thus when subtraction (in the ordinary sense of the term) is not possible, 
γτπον τ ἡ. 
The question of existential adjustment of types is dealt with by IIT of 
the prefatory statement combined with the following definitions: 


#11902. Nefa—,v=N,cfa—,»y Df 
#11903. y—-,Ne‘B=y-,N,c'8 Df 


We then proceed to deduce the elementary properties derivable from 
these definitions. 


#11911. Fiq!y—,v.3.4,veN,C 
#11912. F:&eNe‘a—,Ne‘@.=.asm&+8 
#11914. Ε:ξεη--,ν. 2. Νιοξ Cy—yv 
#11925. Εἰ ον. 2. Ἡ "(υ τς ν») ἃ ἐγ 
*119-26. Ε:Ή ’γ τον γον 


The next group of propositions is concerned with some simple results of 
subtraction. 


#11932. Fi(yt+.v)—.veN,C.3.sm“y=(yigv)—.v 

#11934. biy—,veN,C.3.(y—,v) +,» =sm“y 

#11935. Fiy—.veN,C.d.a+,y= (atv) +. (¥ ov) 
Associative laws are then considered. 

*11944. Ετμ-0(ν-- σα) (μ τον) - τοῦ 

#11945. Ετ (μ τον) το ΕΝΟ. πΠίμτοί --95}}.9. μοί το σ) Ξε (H+) “oF 
The question of types is then dealt with: 

#11952, ΕἼ: sm; 4“(u—, v),= (4 -τ ον) A D‘'smz,, 
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A difficulty arises from the fact that if 7, and τς are two complete types 
whose members are classes, we cannot prove that, either r,=smr, or 
T=sm‘‘r, We put 


*119:54. SM(é,y).=:t8= D‘sm,y.v-ty=D‘sm,; Df 
Then we obtain 
#119541. FSM (8,y).(u—,v)ye N.C. (u—.v)se NC.D 
SIMs, γι (μ — oY y = (μ ττονὴς 


Finally we show that any existential adjustment of types will suffice for 
the components: 


*119°61. Fi weN,C.q!sme uid. p—, v= sme ppv 
*119°62. bFiveN,C.qi!smD.3.u—.y =" —,smev 
Also *119°25'26 are now extended to 
*11964. Fi.gieme'u. dtu 35 ν .ΞΞ ἢ ἔ(μ --ον)ὲ 
The only applications of the propositions of this number are in connection 
with Inductive Cardinals (cf. 5.120). 


#119-01. y—,v= 3 (NeE+,v=y.q!NeE+,r} Df 

Here the suffix to the sign of subtraction is introduced to show that we 
are concerned with cardinal subtraction. It will be found that y—,v is not 
an NC except under hypotheses for y and ν. 
*119:02. Nef‘a-,y=N c‘a—-,v Df 
*119°03. y—,Nce‘B=y—,N,c‘8 Df 
*119:04. +. Ne‘a —,Ne‘B=Nycfa—, Νιοβ [*119-02°03] 

Note that the occurrence of a formal number in the place of y or ν in 
y~ pis an arithmetic occurrence, and accordingly IIT applies to it. 


#1191. Fifey—,v.=.Ne‘E4+ y=y-qiNeE+,v [(*11901)] 


#119:101, Ε: Fe Ne‘a-—, vy. =. Ne‘E +,» = N, ca [(*119°02) . ¥103°13] 
#119102. Ε: Fey—, Ne“8. =. Ne E+,Ne‘B=y.q! NeE+,Ne‘s 
[(*119-08) . *#110°3)] 


#119108. Ε: ξεῖνοί -- Ne‘8.=. Ne'E +, Ne‘@ = Nica 
[*119-04.*%110°3 . #10313] 

#11911. bigqity—.y.D.y,veN,C [¥110-4°42 . #10334] 

#11912. b:&eNefa —,Ne(B.=.asm&+ 8 

Dem. 

t.#119'103. Db: &e Nefa—, Ne‘@. 
[*110°3] .Ne(é+ B)=N,cfa- 
{*100°35.*103-13] ~asm&+@8:DF. Prop 


Thus Ne‘a—-, Ne‘p is an NC when ξ (asm ξ--- 8) is an NC. 


Ne‘é+, Νοβ = N,c“a. 


tt ttl tl 
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’ 


11913. ΕἸ ΝΕ C Neta -- Ne“8.=-asm (y+ 8) 


Dem. 
b.*22°1. DE: Νιο C Nefa—-, Ne“8. =: Fe Νιογ. 2g. Fe Νοία -- Ne‘: 
[*103-12.%119°12] >:asm (y+ 9) (1) 
Εν. #11015 . #10031. Db 1. α 81 (γ-Ἐ β)ὄ.9: Fe Ni c'y.d.(£+8)sm(y+8)- 
[x73°32] >.asm(E+ 8). 
[*119-12] 2. &eNe‘a—, Neff (2) 


+.(1).(2). D4. Prop 
#11914. biFey—,v. 9. NyclECy—,v [*119-1 . 10031321] 
#11921. +:8Ca.Dd.q!(Ne‘a—, Ne‘Q). 

The notation is defined in *65-01. 


Dem. 
b .#24'411:21. D+: Hp.d.a=fu(a—B).Bn(a-—Bjy=A. 
[*110°32] >. Nefa = Nof@ +, Ne(a— β). 
[*10°24] 2.(ηξ). Fetfa. Nocfa=Ne‘8+, Neé. 
[*119°103] >.qi(Nefa-, Ne‘8),: 9+. Prop 

#11922. +: Ne‘aSNe'8.3.q!(Ne‘a—, Ne‘8). 

Dem. 
F. #117221. 3+: Hp.d.(qp).pCa.psmf. 
[*119°21] >.(qp).-qi(Nefa—, Νοίρλα. ρ8 6. 


[*100°35.%119°04] D.qi(Nefa-, Ne‘8).: It. Prop 
#119°23. Fig !(Nefa—, Ne‘8).3.(q5).d6sm8.8Ca 
Dem. 
F.#*119°103.3:Hp.d. (qf). Nyefa=NefO+, Nek. 
[*110-71}] >. (q6).dsm 8.6Ca:I+. Prop 
#11924. Fiq!(Ne‘a—,Ne‘8).3.Nefa Neff [#119°23 . #117221] 
#119-25. Εν. 2. Ἡ ἴ(γ το») δ. 


Dem. 
F.*117:24. Db: Hp.d. (qa, 8).y=Nicfa.v=N,cf8. Νιοα > N,cf8. 
[¥117°107 | >.(qa,8).y=N,cfa.v=N,c'8B.Ne‘aS Nese. 
[*119-22-04] >. (qa, 8).y=N cla. v=N,cf8.q!(N,cfa—, Nic’). » 


[(*63-02).*13°193 | Ὁ. Ἡ ἴ(γ τε») ἐγ: DE. Prop 
ἈΠ1926. Fiqiy—,y.d.yov 


Dem. 
F.#*l19-11.5+: Hp... (qa, 8). y= Nyeta.v=Nick8- ἢ ΤΟΝ οί -- Nic’). 
[#119-04-24] 9. (qa, B).y=N,cfa.v=N,c°8.NefaS Nee. 


[*117°107.413-193]  D.ysev:D+. Prop 


#119-27. biyov.e. Ἢ (γον) tey [%119°25-26] 
For the extension of this theorem cf. *119°64. 
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#11931. Fiy,veN,C.>.sm“y Κὶ (γ 35») oY 

Dem. 
F.#119'1. (IIT). Si Fe(yt v)—pv.=-NefEtpv=ytoueGlyt+ ey (1) 
Εν ΚΙΟΟ 1.521. It: Hp.d:Fesmy.d.NefE=y. 


[*103-22.*%118-01] D.NefE4+,v=y+,r. 
[*110:22°03.*103°13] D.NefEt,vaytoueTlyteys 
[(2)] 2. Fe(yt+.v)—svi dk. Prop 


The penultimate step in the proof employs the principle, explained in 

the prefatory statement, that, since in the previous line the equation 
NefE+,p=97 tev 
has its sides undetermined in type by the conventions IT and II'T, any con- 
venient type can be chosen for them. The type chosen in this line is such 
that q!y-+,.v, and the references indicate the existence of at least one such 
type. 
#119°32. Fi(yt+ .v)-—,veN,C.D.smiy=(y tyr) τὸν 
[#L19-11-31 . *108-22 . *100°52°42] 

#11933. +: Nefa—, Ne‘BeN,C.3.(Ne‘a—, Ne‘@) +, Ne‘@ =Ne‘a 

Dem. 
F. #11913. 3b: Nicfy = Νοία -- Nce‘8.2.asm(y+ 8) (1) 
t.*2018.*11801.3+:,Hp(1).2: 

(Nefa—, Ne‘8) +, Νοβ = N,cfE. Ξε. Ne“y +, Ne*B = Nyc. 


[*110°3.%100°35] =:.&sm(y+). 
[(1).#103°42] Ξε. ΝιοξΞ Ne“a (2) 
Ε. 08.2.34. 9 τ. Hp. 9: ἘΝοα.9. (qe). Νιοξε Νοία. 

[(2).*10°L] >. (Ne‘a—, Ne‘B) +,Ne‘B=Nefa (8) 


Εν #11042. 4103°'342.5b:.Hp.3: 
a {(Nefa—, Ne‘8) +, Ne‘e} . >. (WE). Νιοξ =(Nefa—, Ne‘8) +, Ne‘s. 
[(2).*10°1] >. (Ne‘a—, Ne‘8)+, Ne’8 = Νοία (4) 
F.(3).(4). D+. Prop 
#11934. biy—,veN,C.3.(y—,v)+,.y=sm'“y 

[*119-11°33 . *103°2 .*100°51 . *118°01] 
#11935. Fiy—yveN,C.D.a+,y= (ἃ Ὁ 7) +5 (¥ το ») 


Dem. 
Εν #1105156. 3b: Hp. 9. (α Ἐν) +5 (4 gv) =a τ΄ [(γ —o ¥) Ἔν] 
[¥119°34] =a +, smn 
[¥118-24.411911] ας: Db. Prop 


*119°41. F:.deNce‘8-,Ne‘y.9: 
&e(Ne‘a +, Ne‘8)—, Ne‘y. =. {(a+ δ) + y} sm (E+y¥) 


Dem. 
b.#119°12.#1103.5+: Fe(Ne‘a+, ΝΟ) —, Ney. =.(a+8)sm (E+) (1) 
b.*11912. Dt: Hp.=.8sm(s+y) (2) 


F.(1).(2).#110°15°53. 9+. Prop 
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#11942. Ε-. Νοβ - Ne‘yeN,C.79 eNe‘a+,(Ne‘8 —, Ne‘y). 3: 
Ee (Ne‘a+, Ne‘@) —, Νοίγ. Ξε. (7. + y)sm (ξ  γ) 
Dem. 
Εν #11801 . ¥110°3 .#103:2. #10031. τ. N,cfd = ΝΟ ὶ -- Nety. 3: 
ne Ne‘a+,(Ne‘B -- Ney). =.nsm(a+5) (1) 
b.¥119-41 . (1). #103°12 #11015. 3+. Prop 
Note that if y be an infinite class, it does not follow from (η + y)sm(&+) 
that nsm£, This will be proved, however, when Ὑ is an inductive class 
(cf. #120-41). 
#11943, +: Ne‘8—-,Ne‘yeN,C.D. 
Ne‘a +, (Ne‘B -- Ne“y) C (Ne‘a +, Ne‘8) —, Ne‘y 
Dem. 
Ε.Κ110.42.9 1. Hp. ye Nefa+,(Ne‘B -- Ne‘y).3: 
ne(Ne‘a+,Nef8)—,Ne*y.= «(9 +y)sm (η -Ὁ γ): 


[*73°3] 2: ne(Ne‘a+, Nes) —, Ne“y (1) 

b.(1).*221. 5+. Prop 

¥119°'44. bint, ,(v—,7)C(utyr)— pa 

Dem. 

F .*119°11°43 . *103'2.5 
Ε:νποσεΝ,Ο. με ΝΟ.9..μ το -- σα)  (μ  ον)ποσ (1) 
F.*110°4'42 .*119°'11.D 
binf{y-,weN,C.peN,Cl.d.ptgv-.w)=HA- 
[x24°12] Ds μιο(ν τοῦ)ς (μ Ἐν) ποῦ (2) 
F.(1).(2).94. Prop 


#11945. Ετ(μ- 0») -ποσ ΝΟ. ἢ (wt .(v—pa)} De pet, (Ἢ το B) = (μ- ον) -πτσ 
[¥119-44 . ¥100°33-°321 . 110,42] 
*119°51.  bssms ,“(Ne‘a—, Ne‘@), = (Nefa—, Nc*8); n D‘sm;,, 

Dem. 

F.*11912. 5b: 9 6(Nefa—, Ne‘8),.fsm3,7.=.asmy7+8.fsm;,7- 
{*110'15] .asmf+f8.fsm;,7. 

[*¥119°12] . fe (Ne‘a—, Ne‘f);.fsms,y7! 
[*37°1.%33°13] D t.sm, ,““(Ne‘a—, Ne*8), = (Nefa—, No‘8)sn D‘sm;, ,: DF. Prop 
#11952. Fism; ,“(u—,v),=(w—pv)3n Désm;,, [#1195111] 

The difficulty in respect to types, which arises from the fact that 
smsz,y‘(4—,v)y and (μ -- ν) have not been proved to be identical, does not 
exist when ν is an “inductive number”; cf. *120°413. 

*119°53. Εἰ -. ἐ“δ =D‘smz,. 9 : sm, )“(u—, ν)γ ΞΞ (ῳ πον [#11952 . (*65°01)] 


#119531 Ε : tS -- Τλϑῃῃ; .. (μ -- ον) ε NC. >. sm, (ὦ τονε NgC 
Dem. 


it tl 


b.#6513. Dt: Hp.d.(u—~v)s C D'sm,. 
[#87°43.%108-22.(*65'1)] 9. - qt sm,,s“( ττο »)s « 
[%100°52.%103°34] D .smy,3“(u τον} N.C: D+. Prop 
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#119°532. Ε t= D'sm, ,.(u—,v)se NC. (ue ye NCD. 


smy, 3**( ut τα νὴς = (u τς V)y 


Dem. 
Εν 1192: ὅ81. ΞΕ: Ηρ.9. Ἡ!ῷ( τον): 
[%119°52'531.%100°34] =D. 8πι.,“(μ --ὁ Ys = (eg ¥)y 2 DE. Prop 
¥11954. SM (6,y).=:t8=D‘sm,,.v.i*y=D‘sm,,; Df 
*¥119°541. Ε: SM (6,4). (u—,v)ye NC. (u—pv)seNC.d. 
sms y““( ay = (ῳ —o vs [*119°53-532] 
*119°61. FiweN,C.qism“yw.d.4—,y=smy‘p—pv 
Dem. 
Ε.Ἀ1191].2Ἐςτ. Hp. dine u—ev- 
[*103'16.*118°201.*37°29] 


»Ne‘ntyv=ue.qip. 
.(Ne“n +,v)¢=smz"*n- 


Wot ΠῚ 


[¥119-1] -nesmep— vi. D+. Prop 
*119'62. FiveN,C.qism:“v.>.4~—-—,y=p—,sme“y 
Dem. 
Ε.Ἀ110901]1.9}Ὲ :.Ηρ.9τ:ηεμττον.Ξ. Νοίη ονξΞμιηΉϊμ. 
[Κ11025] =.Ne'n+,smfv=p.qly. 
[*119°1] =.nep—,sm;“v:. D+. Prop 


¥119°63. bip,veN,C.q!sm uw. d.4—y=smz“‘y —, sme 
Dem, 
#1926. +: Hp.qip—.y.d.~Qp. 
[118-13] >. qismey. 
[*119°61°62] 2. μπτον = sing“ —, sme" y (1) 
b. 119-11 .*103°13.5 
t:Hp.q!sme uz —,sm;“*v.d.q!smefy. 


[*119°61°62] 2. -τον = βιμιε" 'μ —, smy**y (2) 
t.(1).(2). D4. Prop 
*119°64. Fi.qismw.dippv.=.q! (wor: 
Dem. 
beal1724. Dn Hp. dipper. d.pveNC.q!sm"p. 
[*119-61] >. (ua v)e= (sme —y ve (1) 
b.*117-24244. Db: Hp. 9: μον. 9. «βιαρέμξεν. 
[*119°27] D. qi (sme tu ov): + 
[(1)] >. a !(u—e re (2) 


Εν (2). #119°26.D Ε- Prop 


*120. INDUCTIVE CARDINALS 


Summary of *120. 


Inductive Cardinals are those that obey mathematical induction starting 
from 0, 1.6. in the language of Part II, Section E, they are the posterity of 0 
with respect to the relation of ν to y+,1, or, in more popular language, they 
are those that can be reached from 0 by successive additions of 1. In former 
days, these were supposed to be all the cardinals, and mathematical induction 
was treated as a kind of self-evident axiom. We now know that only certain 
cardinals obey mathematical induction starting from 0. It is these cardinals 
which are to be considered in this number. They embrace 0, 1, 2, ... and 
generally all those cardinals which would be commonly called finite, all those 
which can be expressed in the usual Arabic system of numeration, and no 
others. The propositions to be proved concerning them in this number are 
elementary and familiar; the interest lies entirely in the definition and 
method of proof, not in the propositions themselves. 

Put NC induct = ἃ {a(+, 1)4.0} Df. 

Since (+, 1)y has necessarily its domain and converse domain of the same 
type, it is important to be careful in noting the relations of type. Accordingly 
we also put 

N.C induct = ἃ {a (+, 1)y 0¢} Df. 

We begin by applying the propositions of #90. Thus we have 
#12011. F:.aeN,Cinduct: φξ. 3. φ(ξ τ. 1): 60,23. da 
#12012. +.0¢NC induct 
#120121. ti ae NC induct .3. (a+, 1),¢ NC induct 
¥*120°13, F:.aeN,C induct: ἕε N,C induct. φξ. Dz. 6(E+,1): 60,25. da 
#12015, biaeNCinduct.g!a.3.sm‘‘ae NC induct 
#120151. Fk: ae NCinduct.qla.D.a+,l¢ NC induct 
*120152. Fi:aeNC.sm‘‘ae NC induct —t'A.D.a¢ NC induct — fA 

We then proceed to deduce the elementary properties of inductive classes, 
putting 

Cis induct = s‘NC induct. 

We have 
#12021. | :peClsinduct.=.Ny,c‘p ε NC induct 
Ἀ120211. + : Ne‘p¢ NC induct — «A.D. ρ ε Ols induct 

(We do not .have an equivalence here, because, for aught we know, it 
might be possible to determine the ambiguity of Ne‘p so that Νοίρ- Δ, 


even when peClsinduct, This will not be possible, however, if the axiom of 
infinity is assumed.) 
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#*120°212°213. +. A, εἴς e Cls induct 
#120214. F:.psmoa.D:p¢Clsinduct.=.o¢ Cls induct 

We have a set of propositions applying induction to classes directly, and 
not through the intermediary of cardinals. Thus we have 
*120°251. fF: ε Clsinduct. 9. ἡ υ fy ε Cls induct 
#12026. F:.p¢Clsinduct: $7.3, 2. φίην x): φ Δ 139. op 

We then state the axiom of infinity, and prove (*120°33) that it is 
equivalent to the assumption that if a is an inductive cardinal, a£a+,1. To 
prove this, we first prove various propositions about a+, 1, among others the 
following: 
#120311. Fiqta+,l.a+,1=6+4+,1.3.a=sm"“8.qta 
#120322. F:.aeNCinduct. Di: qta.=.a+a+,1 

We then proceed to consider subtraction (#120°-41—418), which only 
gives a cardinal number when the subtrahend is an inductive cardinal, 
We have 
#12041. F:.veNCinduct.q!tat+,v.dia+.v=B84+,y-D.a=sm"8 

We might validly put a= instead of a=sm, since a= 8 will be true 
whenever it is significant. 

We have 
#120411. b s.ve NC induct .3: 

aiy—,v.d.y—yveN CrySv.=.(y— vp) abiye NC 

#1204111. bi. ve NCinduct.q !smfy. Diy Bp. =.(y—_v)ge NC 

Hence we arrive at the conditions requisite for the usual point of view of 
subtraction; namely, 
¥#120°412. ΕἸ ye NC induct. y > v.q!smzgiy. 3. (y— ν) = [0 α) (a Ἔον ΞΞ Whe 

Also from *120°4111 we deduce 
#120414. Fi weN,C— 10. ἢ βιηρξμ. 9. (μ -ο ΠΕ NC 

And from *120°411 .*119°34, we find 
*120416. bk: veNC induct .q!y—~v-D-(y—ev) +, =sm‘“y 

We prove next that no proper part of an inductive class is similar to the 
whole (*120°426), 1.9. that inductive classes are non-reflexive, and various 
connected propositions, e.g. 
#120423. fF: ae N,C induct —10.5.(q@).BeN,C induct .a=(8 +, 1), 
#1204232. F: ae N,C induct -- 1'0.=.(qP). Be N,C induct—t'A.a=(@+,1), 
#120428, Ff: ve NCinduct.qia+,v.a+0.3.a+,y>p 
#120429. Fi.veNCinduct. Sip >v.s.pprvtel 

The last two of the above propositions do not hold in general when » is 
a cardinal which is not inductive. 
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We prove next that if α is an existent inductive cardinal, then any 
existent cardinal is greater than, equal to, or less than a (*120°441); that 
if a, 8 are inductive cardinals, so is a +, 8 (#120°45°450), and if a+, is an 
inductive cardinal other than A, so are a and 8 (*120°452). We then have 
some propositions dealing with mathematical induction starting from 1 or 2, 
6.9. 

#120°4622. F:.aeNC.BeNC(n)-qismse‘8.9: 
B (+e 1l)ysm,“a. =. smgB (+, 1}. smea 
#12047. b::8eN,Cinduct—10.=:.Fep.9¢-(Etol), eur lei rye Repu 
From *120°452 we deduce 


#12048. +:8eNCinduct.@ 2a.D.ae NC induct — ‘A 


so that any number less than an inductive number is inductive. Hence 


#120°481. Ε : ἡ ¢Clsinduct.&C7.9. &eCls induct 


which is a proposition constantly used, and 
#120491. Ε τ Eve Clainduct.=: 8 e NC induct. 3,.q! 8a CIE 


We then prove that if a, @ are inductive cardinals, ax,@ and a® are 
either inductive cardinals or A (*120°5°52), while conversely if a x, @ or a? 
is an existent inductive cardinal, a and 8 are so also, with exceptions for 
Ὁ and 1 (*120°512°56°561). Hence we infer the uniqueness of division and 
the taking of roots (*120°51°53°55) so long as inductive numbers are concerned. 


We have next a set of propositions on the axiom of infinity and the 
multiplicative axiom. We prove (*120°61) that if there is any existent 
cardinal which is not inductive, the axiom of infinity is true, From *83°9°904, 
we infer by induction that if « is an inductive class of which A is not a 
number, e4‘« exists (*120°62), whence it follows that either the multiplicative 
axiom or the axiom of infinity must be true (*120°64). 


Finally, we have a set of propositions on inductive classes. We prove 
*120°71. F:p,c¢eClsinduct.=.puoeClsinduct.=.p + σε Clsinduct 
*120°74. F:o¢Clsinduct. =. Cl‘p ε Cisinduct 
*120°75. bs εἰκ ε Cls induct Ξε. κε Clsinduct. « C Cls induct 


with analogous propositions (involving however a hypothesis as to «) on the 
subject of ea‘«. | 


The propositions of the present number are essential to the ordinary 
arithmetic of finite numbers. In the present work, however, they are not 
much used after the present section until we reach Part V, Section E, where 
we deal with the ordinal theory of finite and infinite. 
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*12001. NCinduct =@{a(+,1),0} Df 


Note that in virtue of our general conventions for descriptive functions of 

two arguments (#38), 
+.1=88 (a= +51). 

That is, +,1 is the relation of a cardinal to its immediate predecessor. 
It is the number written in the usual mathematical notation as +1 in the 
series of positive and negative integers, just as its converse is the number ~ 1. 
(It should be observed that if » is any cardinal, +» is not identical with ν, 
since + v is a relation, while v is a class of classes.) 


*120°011. N;C induct =@ {a(+,1),.03} Df 


All members of N;C induct belong to the same type as 0,, so that, if α is 
any member of N;C induct, “fea” is significant. 


#12002. Clsinduct=s‘NCinduct Df 
#120021. Cls;induct = s‘N;C induct Df 


In virtue of these definitions an inductive class is one whose cardinal is an 


- inductive cardinal. 


#12003. Infinax.=:aeNCinduct.3,.qta Df 


“Tnfin ax,” like “Multax,” is an arithmetical hypothesis which some will 
consider self-evident, but which we prefer to keep as a hypothesis, and to 
adduce in that form whenever it is relevant. Like “Mult ax,” it states an 
existence-theorem. In the above form, it states that, if a is any inductive 
cardinal, there is at least one class (of the type in question) which has ἃ terms. 
An equivalent assumption would be that, if p is any inductive class, there are 
objects which are not members of p. For in that case, if # be such an object, 
Ne“(p v t') = Ne‘p+,1. Hence by induction, every inductive cardinal must 
exist. Another equivalent assumption would be that V (the class of all objects 
of the type in question) is not an inductive class. The assumption that N, 
exists in the type in question is, as we shall see, a stronger assumption than 
the above, unless we assume the multiplicative axiom. 


If the axiom of infinity is true, the inductive cardinals are all different 
one from another, 1.6. a+,8, where a and # are inductive cardinals, is not 
equal to a unless 8=0. But if the axiom of infinity is false, then, in any 
assigned type, all the cardinals after a certain one are A. (Except in the 
lowest type, the last existent cardinal must be a power of 2.) That is, if (say) 
8 were the largest existent cardinal in the type in question, we should have, 
in that type, 9=A, and the same would hold of 10, 11,..... This possibility 
has to be taken account of in what follows, 
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In order to give typical definiteness to the axiom of infinity, we write 
#12004. Infinax(#).=:aeNCinduct.9,.q!a(z) Df 

Then “ Infin ax (#)” states that, if a is any inductive cardinal, there are at 
least a objects of the same type as x. 
#1201. b:aeNCinduct.=.a(4+,1),0 [(*120°01)] 
#120101. F::aeNCinduct .=:. ew. d¢.F+,lew:0eu:d,.aep 

[4120-1 . *90°131 . 38°12] 

The right-hand side of the above equivalence gives the usual formula for 

mathematical induction. Observe that the conditions of significance require 


that &€+,1 should be taken in the same type as & This fact is specially 
relevant in the proof of *120°15. 


The symbol “NC induct” is of ambiguous type not necessarily the same 
in different occurrences; also, according to the convention explained in the 
prefatory statement as holding for NC and NC induct, “a, 8« NC induct” will 
not imply that α and 8 are of the same type. Accordingly to avoid error in 
connection with *120'1:101 typical definiteness is required as in the three 
following propositions. 

#120102. Fb: ae N,Cinduct.=.a(+,1),0, [(%120°011)] 

#120°108. F:s:aeN,Cinduct.=:.Fep. dg. (Eto), ¢u:0,6€ wt D,. teu 
[*120°101 ] 

#12011. +:.a@eN,C induct: dF. 2. 6(E+,1): 60,29. da 
[%120'102 . *90°112] 

#12012, +. 0¢NC induct {#1207015 | 


#120121. F:aeN,Cinduct.3.(a4,1);¢ NC induct [*90-172 . *120'102} 
By means of this proposition and *120°12, any assigned cardinal in the 

series of natural numbers can be shown to be an inductive cardinal; thus e.g. 

to show that 27 is an inductive cardinal, we shall only have to use *120-121 

twenty-seven times in succession. 

#1207122. +. 1¢ NC induct (*120°12'121 . *110°641] 

#120123. +. 2¢ NCinduct. etc. [%*120°122:121 . 4110-643} 

#1207124. t.a+,1+0 


Dem. 
F. #1104. Transp. DFia~yeNC.D.a+,1=A. 
[¥101-12] D.a4+,1+40 (1) 
F.#*110632.DbnaeNC.d:€ea+,1.59.q1&: 
[24-63] D:Ancat 1: 
[454-102] D:a+4,1+0 (2) 


F.(1).(2). DF. Prop 
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*12013, F:.aeN,Cinduct:&¢ N,Cinduct. φξ. 3.6 (&+,1): 60,13. da 
Dem. 
F.*120121.5h:.&eN,Cinduct. φξ. 9. φ(ξ 1.1}ὕ:9: 
Ee N,Cinduct. φξ. D,.(E+,1),¢N,C induct. 6(E+,1) (1) 
F.*12012. 3: 60,.5.0, ¢ N,C induct. 60, (2) 
F.(1).(2). DF: Hp.o: 
Ee N,Cinduct.g&. 3s. (E+, 1), ¢ N,Cinduct . p (E+. 1):0,¢ N,C induct. 0, : 


[#1201 a | D:aeN,Cinduct.da:. Ε΄. Prop 


The above proposition is often convenient for inductive proofs. 
*12014. +.NC induct CNC 
Dem. 
F.#*11042.Simp.3F:aeNC.3.a4,leNC (1) 
Εν. (Δ). #10111. 4120-11 5 ἊΝ D+. Prop 
This proposition does not show that every inductive cardinal is an existent 
cardinal; to obtain this, we require the axiom of infinity. 


#12015. -F:aeNCinduct.q!a.>.sm"‘ae NC induct 
1.8. a cardinal which is not null and is inductive in any one type is also 
inductive in any other type. 


Dem. 
F .%#101°15 .*120°12. > .9m,"0; ¢ N,C induct (1) 
Fi#l104. Dh.a=Azg.D. (a+, 1)¢= Δὲ (2) 
F.*118-201 .DF:qi(at.1)s.9.sm,‘(at,1)s=(a+, 1), 
[*118°241.4110°4) = (sm,‘‘a +, 1), (3) 
Εν #120121. DF: qi(at,l)¢.sm,“aeN,Cinduct . >.(sm,‘fa+,1),¢N,C induct . 
[(3)] Dism,*(at+,lgeN,Cinduct (4) 


F.(4), #22, DF :.sm,‘‘a¢ N,C induct .3: 
(α τς lg Ag. v.sm,“(a+,l)gseN,Cinduct (5) 
Εν (2). (δ). #848. 3DF:.a=A;z.v.8m,“aeN,C induct: 3: 
᾿ (a τ 1)¢=Azg.v.sm,“(a+,1)g¢N,C induct (6) 
F.(1). (6). #12011. κ4 6.9}. Prop 
#120151. F:a@eNCinduct. qla.>.a+,1¢ NC induct 


Dem. 
F.#12015.3F:aeN-C induct. q!a.3.sm,“aeN,C induct. 
[%*120-121] > . (sm, ‘fa +, 1), ¢ N,C induct . 
[*118-241.%120°14] D.(a+,1),¢N,C induct: I+. Prop 


#120°152. F:aeNC.sm‘ae NC induct —t‘A.3D.aeNC induct -- Δ 
Dem. 
F.*100521.3+:Hp.>.sm“‘sm“a=a. 
[%120°15] >. ae NC induct (1) 
F.*3729. DF: Hp.d.q!la (2) 
F.(1).(2). OF. Prop 
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The following propositions, giving alternative forms for the definition of 
inductive classes, are inserted in order to show that the theory of inductive 
classes might be treated in a less arithmetical manner than we have adopted. 


#1202. :peClsinduct.=.(qa).aeNCinduct.pea [(*120'02)] 
#120201. b:.psma.9: N,c‘pe NC induct . =. Νιοίσ e NC induct 


Dem. 
+, *100°35 .*103:18.*100°511.) 


F:Hp.d.N,cfp =sm“N,cfo. Ν,οἷσ =sm**N cp: 
[*120°152.4103:13] OF. Prop 
12021. +:pe¢Clsinduct.=.N,cfp ε NC induct 
Dem. 
Εν #120142 .>+:peClsinduct.=.(qa).aeNCinduct.aeNC. pea. 
[*103-27 | . (qa). a@eNCinduct. N,cip =a. 
[*13-195] . N,c‘pe NC induct: IF. Prop 
Note that “peClsinduct.=.Ne‘peNC induct” is not proved above. 
The proof encounters the difficulty that we may have Ne‘p= <A; in order to 
establish our proposition in this case, we have to show that if A « NC induct, 
then every class is an inductive class. We can however prove the following 
implication. 
#120211. ΕἸ Ne‘pe NC induct — (Δ. 3. pe Cls induct 


Ww 


Dem. 
+. *100°511.>+:Hp.d.sm*Nefp=N cto. 
[*120°15] >, Nicfp e NC induct. 
[Κ120.21] 2. peClsinduct: D+. Prop 
#120°212. Ε΄. Ae Cls induct [Κ120.211.13] 
#120213. +. fee Cls induct [4120°211°122] 


#120214. F:.psmo.3:pe¢Clsinduct.=.o0e¢Clsinduct [%*120-201:21] 
The following propositions are lemmas for *120°24, 

#12022. Εττηεμ. Ὁ, yy. nviiyepiAeuwirdy. pew. pe Cls induct 
Dem, 


F .%120:212.3+. Δ ¢Cls induct (1) 
Ε. e512, Ibi yenedinuiy=n: 

{*13'12] 2:7 ¢Clsinduct.>.7 v uy e Clsinduct (2) 
F.#*11068. Dh yren.D: Nenu uty) =Neim4,1 

[(4110-08)} = Nye'n-+,1: 

[%120°121] 2: Νιοίη e NC induct. 3. N,cf(y v ty) e NC induct : 
[*120°21:211] ᾿ >: n¢Clsinduct.3. vty ε Cls induct (3) 
Ε.(2). (3). DksneClsinduct.3.7 vu tye Cls induct (4) 


F101. (1). (4). DF. Prop 
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#120221. Fi.nep.r,,.nuttyept ΝορΟμ:9.Νορ ΓΜ 
Dem. 
F .%*110°63 . *100'31.5 


F:GeNe‘p+,1.=.(aqn,y)-neNe'p.yren.C=nury (1) 
F.e221. Ibn Hp. Dine Ne‘p.d. ep. 

[*10°1] D.nviyep: 

[*3°41 ] DineNe‘p-yreqn.d nulyeu: 
[*13-12] Dine Ne‘p.yren.C=nul'y.d. ἕεμ (2) 


Ε. (1). (2). DF: Hp.3: Se Ne‘p+.1.9.fe nu: I+. Prop 
#120222. F.nemsd,y qnulyemrEcNC.ECw:3.F4,1 Cpu 
Dem. 
F.*1004.3F: Hp. qié.3.(qa).F=Ne(f)'a. Ne (Sac μ. 
[%120:221] 9. (qa). EF =Ne(f)'a. Neat, Cpu. 
[*118°01] D>.&4,1 Cpu (1) 
F.ellO4. Diag !&.30.F&4+,1Cyu (2) 
F.(1).(2). DF. Prop 
The proof of this proposition might also proceed by the use of uniform 
formal numbers, employing *118°241. 


#12023. Fi.nep-D,,.-17ulyeuwiAew:D.Cls induct Cp 
Dem. 


Εν. ΚΙ 2. 541. Db: Hp.d.0Cy (1) 
12022214, Dh: Hp.d:£eNCinduct.£Cu.D:-£+,1Cn (2) 
F,(1).(2). #120138. 33. Hp.d:&e NCinduct.3d.F Cy: 
[*40°151.(%120-02)] >: Cls induct Cw:. 3+. Prop 


#12024. Fis peClsinduct.=:-n7eu-D,,.7V¥ yewiAeuidz- pep 
Dem. 
+ .%*120°23. Db ::p¢Clsinduct.d:.7¢ey.D,y-nV¥ byewrAcprd.pew (1) 
Ε. (1). ΚΙ] 2022. 5. Prop 
This proposition might be used to define inductive classes. It gives ἃ 
form of mathematical induction applicable to classes instead of to numbers. 
Virtually it states that an inductive class is one which can be formed by 
adding members one at a time, starting from A. This is made more explicit 
in *120°25. Instead of ηεμ.9,,ν.ν tyep, in the above propositions, as 
well as in those that follow, we may plainly substitute 
NE he Yen - ny . ἢ υ Uy εμ. 
412025. t: -- δ (πν). C= vey} .D«Clainduct = MytA 
[*120°24, *90°131] 
#120251. Ε : η ε Clsinduct.>.9 vityeClsinduct [*90°172 . *120-25] 
#12026. +:.peClsinduct:¢7.3,2.o(7¥ ἐφ): GA. dp 
[%120°25 . *90°112] 
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#120261. Ε το ρ eCls induct : ἡ ε Cls induct. 7 .3,,2.6(n vt): φ Λ 19. dbp 
[#1 20-26-251-212] 


#12027. [:pe¢Clsinduct. >. Nefpnt*ye NC induct 

Dem. 
F.*12012.3D+.NefA ὁ thy e NC induct (1) 
bixl312. DE: Ne‘nntfye NCinduct.yen.2. 


Ne“(n v tty) n ty e NC induct (2) 
F. #11063. *120°'121.) 


Ε: Νοίη a γε NC induct. yrwen. >. Ne(n v tfy) a γε NC induct (3) 
F.(1).(2).(3).#12026.95. Prop 

This proposition also follows immediately from *120°21°15. 
#1203. §:.Infinax.=:a¢NCinduct.3..q!a [(%120:03)] 
«120301. ΚΕ :. Infinax(#).=:aeNCinduct.3,.qia(e) [(*120°04)] 


#12031. F:q!Ne‘at+,1.Nefat+,1=Ne%6+,1.5.Nea=Ne‘8.asmf 
Dem. 
F.*11063.5+:. Nefat+,1=Ne'8+,1.=: 
(ay y)sysma.yrey. E=yvity. sz. (ηδ, 2). 69m β. 2. ed. ἕπειδυ κε: 
[Κ101] Diysma.yrey.I.(q6,2).dsmB.zred.yuly=suez, 


[13.128] 2. (πδ). δ 51 β «γϑβ ὃ. 

[*7 3°32] 2. γϑ ἃ. 

[78.852] >.asm 8 (1) 
F.*11063.5+:Hp.3.(qy,y).ysma.yrey (2) 


L. (1). (2). *100'321. >. Prop 


*120°311. fb: qla+,1.a+,1=84,1.3.a=sm"8.q!a 
[*120°31 . 110-4 . *103°16°4-2| 


#120'32. b:aeNCinduct.q!la.3.a+a4+,1 
Dem. 

F.%101-22 . 110 641. DE. Og 0; +, 1 (1) 
+. #120311. #11044. DF :aeNC.qtat+ leat lsat 14+,1.3.a=a+,1: 
[Transp] DkiaeNC.qia+t,l.ata+,1.3.a+,1l+a+,14+,1: 
[4118-225] Db raeNO(E).qh(atelgea#(atel ee D+ (ate let (ateletelie (2) 
f.(2).Dbs.aeNC(E).a+(aty Lg-D2(atel p= A-Ve(ate Let (ate 1}. 61} (3) 
F.#*110-4. Transp. 9 τι ave NC (£).v.a=AgiD.(at+,1):= Δὲ (4) 
Ε.(8).(4).9Ὲ 3. a= Ag.viat(at 1:3: 

(ato l)gp=Agev. (ate le+ (Cato 1}6 21}: (5) 
F.(1).(5). #12011. 5+: ae NC induct.D:a=Ag. Vv. a+(a+,1)::. D+. Prop 
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#120321. F:atat+,1.3.qita 


Dem. 
f.#1104. Transp. >F:a=A.D.at+,1=A (1) 
+.(1).Transp. Dt. Prop 
#120322. | :.aeNCinduct.D:qia.-2.a$at+,1 [¥*120°32°321] 


#12033. §:.Infinax.=:a¢NCinduct.3,.a+¢a+,1 [*1203-322] 


#12041. F:.veNCinduct.qlat y.d:a+,y=B+.yv.3.4=8n"B 
Dem. 
Εν #1104. Transp. #11825. Ὁ Ε τα ον) τε Δ. 9. [ὰ τοῖν τ Πρ εξ Δ (1) 
F.€l1825 Di Ἢ "ία Ἐς vt, Lyle. 9 τὸ Gi ἰ(ἃ Ἐς ν)ε Ἐς lies. 
[*120°311.%110°4.%118°201} 
Die [(α Ἐς ν)ὲ Ἐς 1} τ [(β terete 1}ε..9.. (ater) =(B +e ne? 
[5 γ}11..011825] 9 :. (α -- ») ΞΞ (βὶ ων)... ατεϑιακβ:9: 
ἰα Ἐφίν Ἐς 1}ε}6Ξ (β τ ν Ἐς 1} - 9. a=sm"B (2) 
-.(2).Comm. 98 τ: (ἃ --  ν)εΞξ (βὶ τς ν)ε . 9. αἃὄ Ξ βιὰ" : 9 :. 
ἰα Ἐρίν Ἐς 1} εΞ Δὰν  ἰα τίν te l)she={B Ἐς (ν tele. D-a=sm“B (8) 
Εν. (1). (8). 98 τ (ἃ Ἐς ν)ὲξξ Ατν τ (ἃ Ἐς ν})ὲΞ (β) ter). D-a=sm'*81.D:. 
ἴα Ἐρίν Ἐ 1 εξ Atv ἰα Ξὸ(ν Ἐς 1)εῖε ΞΞ [ -Ἐ(ν te 1}ε}ε. D-a=sm"B8 (4) 
Εν 3110.4. Κ118.21., >big !(8+,0)..3:8eNC.q! sm: 


[*102'87.%100°51] 2:sm;“fa=sme“8.2.a=sm"*8 (5) 
be kl1064. 9Ὲ 11 Τῷ(α Ἐς 0})ε. (α Ἐς θ)εΞ  (β +,0)¢. 9. sme"a = smi. 
[(5)] D.a=sm*8 (6) 


Ε. (0). Exp. #46. 3b (a+, 0):=A:vi(at,0):=(84+,0).>.a=sm“8 (7) 
Ε΄ (4). (7). Κ12011.92 

Ε sve ΝΟ induct. 9 . (α Ἐς τ Δ τν :(α τὸ») Ξ (β tev). I-a=sm“B (8) 
b.#1104. Ε:ντλ,. 3. (α Ξονη εξ Δ (9) 
Ε.3512015. 9ἘΕ τινε ΝΟ induct -- (Δ. 9. τ. ϑπλε ιν Ξε ΝῈΟ induct 3. 

[(8)] Ds. (a+, smpv)s= Δ τῖν τ (ἃ πο sme) = (β +, sme“v)p- 9. ἃ Ξε sm" Bi, 
[#11824] 9 :. (α το ν)εξξ Δὲν :(α τ vy): =(B tere. I-a=sm“B (10) 
F.(9).(10). 9+. Prop 


The above proposition establishes (with the natural limitations) the 
uniqueness (within each type) of subtraction (conceived as in *120°412) when 
the subtrahend is an inductive cardinal. (When the subtrahend is a non- 
inductive cardinal, subtraction ceases to give a unique result.) Hence we 
are led to the following extensions of «118 for the case of inductive cardinals: 
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*120411. F:.»e NCinduct. 9: 


mly—gued-yraveN Ciyev.s.(y~v) hye NC 
Dem. 


+. *1191.5>b:.»eNCinduct.3: 
Eney—.v.d.NefE+,vay.Nen+ vey. qi Νοξτεν. 


[20:22] 9.Νοίξε,νπ Νοίη Ῥὸν .ἩΝοἕτν. 

[4120°41.4100511.(#11003)] 9. Νοίξ-- ΝοΉ (1) 
Ε. (1)..11914. Ε:Ηρ.9 τ: ΤΥ -πορ. 9. ὙτΌΡΕΝΟ (2) 
b .#119°27 .(2). Dt: Hp. Diy Sv. dil(y—_v) a toy eN,C (3) 
F . #10822 .*119-27.3t: ΗρΡ.9 τῷ --  ») γε ΝΟ. 9. «δον (4) 


Ε. (2). (8). (4). 9. Prop 


#1204111. F:.veNC induct. q!smi“y. Diy 55 ᾿ν.Ξ «(γ ΉΡΕΝΟ 


Dem. 
Ε. Κ11964.3:. Hp. 9: Σπν. Dd. Τ(γ τον). 


[*120°411] D.(y—_v)ee N,C (1) 
Ε- (1) «119-26. #10313... Prop 
#120°412. bk: ve NCinduct.y>v.qisme“y.2. (γ τ-ὸ ν»)ὲ = {(20) (a+, v=}: 
Dem, 
b.#120-4111.3b:.Hp.3.(y—,v)ge NC. 
[119-34] 2. (γ-ς νὴ ΟΡ ΞΞΎ (1) 
F.4120°41 . *103-43 437-29. +: Hp.Ddiat pay. B+er=y.ap.a=B8 (2) 
F.(1).(2). DF. Prop 


#120413. Ε: weN,C.3.n—,0=sm“pu 


Dem. 
b.#l191.DF: Hp. d:Fep—,0.2.N,c8F+,0=n. qty. 
[#110°61.%103°13] =.Ne‘F=p. 
[*103°44°4)] =.N,ccfF=sm“n. 
{*103°26] =.&esm‘~:.+. Prop 


#120414. ΕἸ: με ΝΟ -- Ὁ. ἢ ism“. 3. (μ -- Lee NC 
[Κ120.4111.. 1178] 

#120415. b: weN,C --ἰὉ -- tl aq isms“. 3. (ῳ τος 2) ΝΟ 
[Κ120.4111.Κ117'.551] 

*120°416. Ετνε NC induct.qly—,v.D.(y gv) +. Ξε βΒι "ἐγ 
[*120-411 . #119°34] 

#120417. Fi μ εΝῸ -- (Ὁ. ἢ ism “y. 9. α +, (α 1. 1) + ly -- 1) 
[¥120°414 . #119°35] 


#120418. Ε:»ε NC induct. ἢ 1 δια, «ἡ evs Dea tey = (α Ἐς ν) +a (Ye): 
[1204111 . #119°35] 
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#12042. F:veNCinduct.q!iv.a+0.3-v+¢atyv 


Dem. 
F. #11061 . #12014. DF: ye NCinduct.3.v=0+,n (1) 
F.*120°'41. 3b: veNCinduct.q@!0+,¥-0+,y=a+,y.9.0=a (2) 


F.(1).(2). DF sve NC induct. qiv.veat.v.3.a=0:DF. Prop 
*120°422. b:a+,1eNCinduct—eA.3>.a¢ NC induct -- Δ 


Dem. 
F. «1201124. #917542. DF: a+, 1 eNCinduct.>. (a+, 1) (+, 1)γοῦ - 
[#9152] >. (GB) «(ate (te B+ B(+e Dy 0- 
[%*120°1} D.(q8)-a+,1=f8+,1.f8eNC induct (1) 
+.*120°311. Dt: Hp. d:a+,1=84+,1.3.a=sm“8.qta - (2) 
F.(1).(2).*12015.3+:Hp.>.aeNC induct (3) 
Ε. (8). #1104. 954. Prop 
#120423. F: ae N,Cinduct -10.=.(q8).8eN,C induct.a=(8+4+,1), 
Dem. 


F .*120121-124.5+: Be N,C induct .a=(8+4,1),.3.aeN,Cinduct—20 (1) 
F «#120102 . #91542. 3b: aeN,Cinduct ~¢0.3.a(+,1),,0,- 
[¥91-52] D (GB) + a (+51) 8-B (+e 1% 0, 
[%*120°102] > .(q8).8¢N,C induct .a=(8 +, 1), (2) 
Ε.(1). (2). DF. Prop 
*120°4231. F: ae N,C induct.3.(q8).Be N,Cinduct—t'A.(a+,1),=(8 +1), 
Dem. 

F.410'24. 4101-12 .*120:12.) 
Εν (4,8). Be N,Cinduct — tA «(0 +.1),=(B +e Dy (1) 
F.xl20121. 32g l&.D: 
BeN,Cinduct —‘A.£=(84,1),.D- ἕε N,Cinduct—e'A.(E +, 1),Ξ (ξ +e Ly! 
[*10-23-24] > : (q 8). Be N,C induct — (Δ. £=(B +,1)9+D> 

| (qy) «ye N,Cinduct — 0A .(E+.1),=(y te 1)y (2) 
F. #1104 .*13'17.9 
Fs.vg!&.3:8eN,C induct—i'A.F=(84,1),-3- (Etc 1,» =(Bt+oL): 
[*10-28] 3:(q9).@eN,Cinduct — uA.£=(B +y1),-2- 


(q8).8e¢N,C induct — t'A.(E+,1),=(B tel), (3) 
t.(2).(8).D F:(q8). Be N,C induct -- (ΑΛ. ἔπε(β -ς1},.9. 
(q8).8eN,C induct — tA. (E+e1),=(8 tol) (4) 


Ε.().(4) aoe «12011 .> 
FiaeN,C induct .3.(q8). Be N,C induct —t'A.(a+,1),=(8 +, 1),: 
J+. Prop 
#1204232. b: ae N,Cinduct—c0.=. (q8).8eN,Cinduct—1‘A .a=(8+,1), 
[*120°428-4231] | 
14—2 
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#120424. Ε:8-Ἐ0.ἢ Γ(α - Ἐς β}ε.9.. (α τς} -~l=a+.(8—, 1) 


Dem. 
F. 110-4262. >DF:Hp.3.(44+,8):eNC-tA—20, 
(*120°414.%103°13] D.q!(at+.8)—-,1 (1) 


Εν 1104. 118-21 . 120-414. *103:138.9F: Ρ.9.π1(β--1}ε (2) 
Ε, (1). (2) .*120°416.9 
F:Hp. 29. {(α-Ὁ0.8}6-- 1} 121 Ξ α 9. (β -- τ) 1 Ξ β. (3) 
[*110°56] >. ἰ(α +e Bye ~e 1} +e l= {a te (8 πο 1}}} te 1 (4) 
F.(8). DF: Hp. 9. qt (ate Bee 1} +. 1]; (δ) 
Ε΄. (4). (δ). #120311 . *110°44. 9 
ΕἸ ΗΡ. 3. (α Ἐς βὴὲ το 1 πα τ (β —,1)g: DF. Prop 

#120425. F:.(a+,8):¢N,C—i0.9: 


(a +.B): -¢ 1 =a+,(8—_1)¢- Ve (a+, Be - 1 =(a—, Yet. 8 
Dem. 


+. #11062 .*103-:22,>+:.Hp.d:440.v.840:qt(@4+,8): (1) 
F. (1). #120424. 9+. Prop 
¥*120°426. ΕἸ: pe Clsinduct.pCo.qla—p.3.~(psma). Ne‘p < Ne‘o 
Dem. 
F.*11032.3+:Hp.>. Νοίσ = No‘p +, Ne“(o — p) (1) 
Εν #10114. >+:Hp.>. Ne(o—p) +0 (2) 
Ε. (1). (2). *120°42 . *117-222:26. 9 Ε΄ Prop 
¥*120427. Ε: Rela~1. ARCDR. G1 DIR-AR.3D. Df Re Cls induct 
[*120°426. Transp] 
The above proposition shows that no reflexive class is inductive. 


€120°428. b:veNCinduct.qla+,v.at0.3.a+,¥>0 
Dem. 
F.#117511.#1104. DF :sHp.d.a>0.veN,C. 
[¥117-'561.%110°6] D.A+oyu ev (1) 
F.*120'42.%1104. Jb: Hp.d.a+,v+v (2) 
F.(1).(2). #11726. Dt. Prop 
#120429. F:.veNCinduct.3i:p>v.=.perve,gl 


Dem. 
.#*120°428. Dh:Hp.dipweN,C.n=v4+,1.3.u>0: (1) 
[*117°47-12} Iieovt,1.d.p>v (2) 
Fixli731. Dkip>v.d.(qa).aveNC.pHrvi,a (3) 
Εν l172612. Dh: Σ ναῷ μεν ποῦ (4) 
Ε. (3). (4). Ihkip>v.d.(qa).weNC—-t0.u=v4 a. 
[¥117°531] 9.(η 5). ΣΡ]. μπντπ 
[Κ11791] 2 .(Ὡπ,ρ)»ρε ΝΟ, στρ] μεεν ρα. 
[*13°195] 2.(qp).peN,C.n=v4+,pt,l. 
[411731] >. prt (5) 


Ε.(1).(9). (δ). DF. Prop 
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The following definition, in which “spec” stands for “species,” defines 
the “species” of a cardinal β as all cardinals which are less than, equal to, 
or greater than 8. We cannot prove, unless by assuming the multiplicative 
axiom, that all cardinals belong to the species of 8, except in the case where 
8 is an inductive cardinal. In all other cases there may, so far as is known 
at present, be other cardinals which are neither greater nor less than 8. 


*12043, spec‘B=Gla<iB.v.apéi Df 

#120431. F:.aespe’B.s:a<iB.v.aSP [(*120-43)] 

#120432. F:.aespecSB.=:agfh.v.aSP [*117°'281 . *120°431} 

*120°433. | :. ΝΟ espec'Ne‘a .=:q!Clfpa Νοίσ ιν. Ἡ ΤΟΙ σ α Ne‘p 
[Κ|1729.. ¥120-432] 

4120-434. |. Θροοβ CN,C [*117°105°10412 .*120-432] 

#120435. :@eN,C.=.S8espec’8.=.qispec'8 [*117-104.*120-434] 


#120436. t:.aespec$B.=:4,8eN Ci(qyiaty=h.v.B+,y=a 
[«120°432 . #11731] 


#120437. t:@eN,C.3.Q0espec’@B [117-5 .*120-432] 


iil 


#120438. F:aespec’8.qta+t,1.3.a+,lespec’s 
Dem. 
+. *120°436.%#1104.3: Hp.=:a,8eN,C.qta+,1: 


(qy):vyeN Crat,y=Biv. Bt+y=a (1) 
+. #11061. DkiaBeN,C.at+,0=f8.3.a=8. 


[18.12.15] D.a+,1=84+,1. 

[*120°436 | 2 .a+, 1 espec’B (2) 
+. xl20-417. Db sa, 8, ye NC.y+0-a+,y=h.d-atplte(y—l=A- 
[*120-436] D.a+,1 espec’8 (3) 
F.x1B1I215.Db:a, 8B, yeNC. B+ ey=a.qtat 1.3.B+.y+,l=atel- 
[*120°436)} D.at,lespecsB (4) 


F.(1).(2). (3). (4). DF. Prop 


*120-44. +:8eN,C.3.NC induct —ifA Cspec’P 
Dem. 
+. %120°437. D+: Hp.d.0e specs (1) 
+. *120°438 .%110°4.3b:: Hp. Ddi.a=A.v.aespecBid: 
at,l=A.v.a+,lespec’B (2) 
b.(1).(2).#120-11.3+:: Hp. 3:.aeNC induct .9: 
a=A.v.aespec8:: DF. Prop 
#120441. Fs.aeNCinduct—t'A.BeNC—-UA.I:a «- B.v.a=sm"“8.¥.a> 8 
[120-44 . #10334) 
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4120΄442. Ε:.αε ΝΟ ΊΪΊἀυοῦ --κὰ. βε ΝΟ --κκὰ.3: 
am B.=.r(aSP)ia>P.=.~(a SP) 


Dem. 
b+. #117104. *120441.3F:.Hp. diac B.v.aSeB (1) 
+. *117-291. IhkiacB.d.~(aSB) (2) 
b.(1).(2). 8517.93, Hp.dta<R.=.n(aSp) (3) 
Similarly F:.Hp.d:a>B.=.n(agB) (4) 


Ε. (8). (4). +. Prop 
*120°45. b:a,@eN;Cinduct.5.(a+,0)¢eN;,C induct 


Dem. 
F.#1106.Db:saeN,Cinduct.3.(a+,0;)¢ NC induct (1) 
+, #120121 . *118'25.5 
Fi(a+, B8)e N;Cinduct. 3. {a+,(8 +. Lg}e e N;C induct (2) 
+ .(1).(2).#12011. D+. Prop 


#1204501. F:a, β ε NC induct —1‘A.3.a+,8¢ NC induct 
Dem. 
F.*12015.5+:Hp.3.sm;‘‘a, smz‘8 ¢ N,C induct . 
{%1 20°45] D . (sm;ffa +, sme); e NgC induct. 
[*118-23] D.(a+,.A8)eeN-Cinduct s 3F. Prop 
The following proposition is a lemma in the proof of *120°452. 
#120°451. Fi.y=(a+, Be. Dag-a,8¢ NCinduct —ifA: 
AL (y te Le (γ +5 Lg = (α' Ἐς ΄}ε:9.. αἱ, Be NC induct -- κιὶ 


Dem. 
+ .120°414°124 #11042 Db : Ὁ Γ(γ Ἐ 91). 2. f(y to1)—o lee NC. 
[*119°32] 2.9 = {Cy +e Lee lle (i) 


Εν (1). Κ1390.124.,.9 1. Hp. 9 :γ -Ξ [(α +B’), 1g. (a + Bg +0. GI (0+ Bg: 
[#120425] Dty-={a’ +5 (8’ —_ sje. ¥ γι ((α΄ -- De +08}: 
[Hp] D:a',(8’—,1)¢¢ NC induct—i‘A.v. (a —,1):, β΄ ε NC induct —ifA: 
[*119-11] 3: α΄, β΄ ε NC induct —t‘A:. 3+. Prop 

This proposition could be extended to greater generality as regards types; 
but its sole use is as a lemma. 


*120°452. b:a+,8¢ NC induct -- ΔΛ. 2. α, βὶ «ΝΟ induct —ifA 
Dem. 
Εν «1104. Transp. Db ry=A.D.(y+,1,=A (1) 
F. #120451. 3 Ε τι y=(a+,8),+Da,e-0, β ε NC induct— (Δ τ -- 
(ytol),=Atvi(y Ὁς 1), ΞΞ (αἰ --, 5)... Dogs α΄, B’e NC induct --κῷ (2) 
.(1).(2). Dhiy=Arviy=(a+,.8),-Dap.% Be NC induct —iA:D: 
(γ 1. 1), Ξ Δὲν :(γ tel), =(@' +.B’) + 3...’ a, Be NCinduct— iA (3) 
F.4#110°62. #12012. 5+:0=(a+,8),-De,a+a,8¢ NCinduct -- (Δ (4) 
Ε. (3). (4). #12011. Db i:zyeN,Cinduct.>:. 
y=Artvey=(a+,8),.2a8-4,8e NC induct —ifA:: 
[13-15] Dh:. (a+. 8),¢N,Cinduct.3: ΄ 
(a+, 8),=A.v.a,8eNCinduct—e'A:. D+. Prop 
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In the last line but one of the above proof, we substitute for the o£ of 
*120°11 the function 
E=A:vi£=(a+,8),-2o,0-%8¢NC induct—i‘A. 
The following propositions are chiefly required as leading to *120°4621 


‘4622-47, which are useful in proving propositions concerning all inductive 
cardinals other than zero, 


*12046. F:aeNC.veN,C induct .3.(a+¢ 7), (Ἐς 1)y sm, ‘fa 
Dem. 
F. #1106. 118241. Db τα ε ΝΟ. 3. (α 4,0), (+. Ly sm, “a (1) 
F. *90°172.%118-25 . Db: (a+,7), (+, 1)y 3m,“a. 2. 
{a +6(¥ +e L)a}a (+o 1} sm, κα (2) 
F.(1).(2).*120°11.5+. Prop 
*120°461. F:aeNC.8(+,1)ysm,"a.3.(qy).yeN,C induct. 8 =(a+ey), 
Dem. 
+. *110°6.#118-23. Dk:aeNC.@=sm,"a.3.8=(a+,0), (1) 
F . #12012] .#118°25.3F:8=(a+yy),-yeN,Cinduct.>. 
(B Ὁ. 1}. = {4 +0 te Lalas (¥ tol),eN,Cinduct (2) 
F.(1).(2).*90°112. 3+. Prop 


*120°462. b:.aeNC.3:(qy).yve N,Cinduct.8=(a+oy),-=-8(+el)ysm, ‘a 
[1 2046-461] 


*120°4621. t:.aeNC.q! 8-3: 8 (+, 1)ysm,"a. 9.. 812. 8 (+, 1} smz“a 
Dem. 
+, *120461.3h:.Hp.d: 
8B (+. 1)ysm, ‘fa... (Ay). yeN,C induct. β =(a+eyn> 


[*110-4] >. (qy)-yeN,C induct — (ΔΛ. βὶα ποι (ὰ "5 Ύ})- 
[*120'15.%118°201] >. (qr). smefry e N;C induct . sm““8 = (α +57)¢- 
[4118-24.4120°14] D. (qy’) «ye N,Cinduct . sm“ =(a toy): 
[*120°462] > . smz'*8 (+, 1)y sm;fa:. DF. Prop 


*120°4622. F:.aeNC.BeNC(y).q!smes8. 5: 
B (+e ly sm, a. =. Βαλε. (+, 1) sea 


Dem. 
Εν 1104, 43729. *120°461.5 
b:. Ηρ. 9 sme (+, 1), sm;“a.d.qismM“a.q!a. (1) 
[#10052] > .smaeNC (2) 


F.*120°4621..(2).+:.Hp.3d: 

sm:**8 (+, L)y.smz“a. .sm,“‘sm:'8 (+, 1), sm,“‘sm;“a. 
[*102°87.Hp.1)] . >.sm,“8 (+, 1)y.sm, “a. 
[*103°34] 2. B(+. 1), sm, “a © (3) 
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«37°29 . *120°4621 . 3 
Fi. Hp. 3:8 (4, 1)ysm,‘a.D «sm: (+, 1)y smeM*a (4) 
F.(8).(4). DF. Prop 
It is on this proposition that the irrelevance of types in the consideration 
of inductive cardinals depends. 


#120463. b::.aeNC.3::(qy).yeN,C induct .8=(a+,7),.=:. 
Fem. 0;-(E+,1),eu:sm,“acep:d,. Seu 
[120-462 . ¥90°11] 
#12047. ΕἸ: ΔῈΝ, ΟἸπάποῦ -- Ὁ. ΞΞ τ. Few. dg. (E+, 1), euil cui dee Rep 
[120-423-463] 


Thus mathematical induction starting from 1 will apply to all inductive 
cardinals except 0. Similar propositions can be similarly proved for 2, 3, .... 


*120-471. F:(qa).aeNCinduct—¢0. fa.=.(q8).8eNCinduct. (8 +,1) 
Dem. 

#120423.) 

b:(qa).aeNCinduct—e0. fa. 

[13-195] 


.(q8)-8eNCinduct.a=@+,1. fa. 
.(q8).8 eNCinduct. f(8+,1): 3+. Prop 


il All 


*120°472. Ε: (qa).aeNCinduct —10-e'1. fa.=. 
(q@). 8 ¢ NC induct — Ὁ. f(8 -ς 1). ΕΞ. (qy)- ye NC induct. f(y +, 2) 
Dem. 
+ .#120°471 .3 
b:(qa).aeNCinduct —10—e'l.fa.=. 
(q@).8eNCinduct.6+,141.f(8 4,1). 


[x1 20°42.%110°641] =. (q8). Be NC induct -- (Ὁ. Κ(8 +, 1)- (1) 
[*120°471] =.(qy).ye NC induct. f(y +,1+,1)- 

[¥110°643] =.(qvy)-yve NC induct . f(y +, 2) (2) 
F.(1).(2). D5. Prop 


#120473. b:.¢1:&eN,C induct — Ὁ. 6F.3;.¢(F+,1):3: 
Ee N,C induct —10.3.6& 
Dem. 


F . ¥120°122.#101-22.3b:¢1.9.1leN,Cinduct -- εἴ. ΦῚ (1) 
F.¥120°121-124. 3+: ξε N,Cinduct —-10.3.&4,leN,Cinduct—10 (2) 
F.(1).(2).3 
Fs. Hp.3:1leN,C induct — 20.61: &e N,C induct — 10. £.3;. 

. £ +, 1¢N,C induct — 10.46 (ξ +, 1) (3) 
7 £ (Ee N,C induct — (Ὁ. £) 


F. (3). #120-4 
μ 


- I+. Prop 
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¥12048. Ε: βεΝΟϊπάσοῦ. β 5 α. 9. αἥε ΝΟ induct -- ἐλ 
[4120-452 . #11731] 


Thus every cardinal which is not greater than every inductive cardinal is 
an inductive cardinal. 


*120481. F:ye¢Cisinduct.&Cy.3.FeClsinduct = [*%117-222 . ¥120-21-48] 


Thus if any inductive class can be found which contains a given class, the 
given class is also inductive. 


*12049. F:aeNC—NC induct—t'A.8e NCinduct—iA.Dd.a>8 


Dem. 
Εν *120°48. Transp. +: Hp.d.~(8 2a) (1) 
F.*120°441 . It:Hp.dJ:ia>B8.v. Bea (2) 
F.(1).(2). DF. Prop 


Thus every non-inductive cardinal (except A) is greater than every 
inductive cardinal (except A). 


#120491. Ε :. Eve Clsinduct.=:@e NC induct. 3g. q! Aan ClE 


Dem. 
+ .*12049. Db: F~eClsinduct. αὶ e NC induct —A.D.N ckE> BZ. 


[¥120°429.%117-12] D. NE B4+,1-q1 Bn ChE (1) 
F.(1).#117:10412 . *103°13.5 

Fi €~seClisinduct.8eNCinduct—uA.3.8+,1+A (2) 
F.(2). #10112 . *12013.5 

Fs. Eve Clsinduct.D:8eNCinduct.3d.B+A (3) 
F.(1).(8). DF: Eve Clsinduct. 8 e NCinduct.3.q!i Ba CHE (4) 


F,*120121.3 
Εν 8@eNC induct. 3g. qq! 6a CIE: 3: Be NC induct. Dg.q1(8+, 1)n Cle. 


[4117-242.%120°429] Da. Ne¥ > B. 
[¥117°42.(#117°03)] Da- Ny ctf +8: 
[18.196] 2: Νιοξουε NC induct : 
[Κ120.21] 9 : Eve Cls induct (5) 
Εν (4). (δ). D4. Prop 
Ἀ120.492. ΕταεΝῸ -- ΝΟ induct. 8 2a.3.8eNC—NC induct 
[*120-48 . Transp] 

In virtue of *120°491, a class & which is not inductive contains sub- 

classes having 0, 1, 2,3, ... terms. If we take the successive classes of sub- 


classes 


On Ci, Ln CIE, 2n CIE, ..., 


these are mutually exclusive, and all exist provided A is not an inductive 


218 CARDINAL ARITHMETIC [PART ΤῈ 
* 


cardinal, 1.6. provided the axiom of infinity holds. Thus if the axiom of 
infinity holds, we get N, classes of sub-classes contained in any non-inductive 
class. It follows, as we shall see later, that if & is a non-inductive class, 
CI‘CI‘é is a reflexive class. This seems to be the nearest approach possible 
to identifying the two definitions of finite and infinite when the multiplicative 
axiom is not assumed, When the multiplicative axiom is assumed as well as 
the axiom of infinity, we pick out one class from 1 9 CIE, one from 2.9 CIE 
and so on; then, forming the logical sum of all these classes, we get δὲν terms 
which are members of £& Hence it follows that & is a reflexive class; for, as 
we shall see later, a reflexive class is one which contains sub-classes of N, terms. 
Thus with the help of the multiplicative axiom, the two definitions of finite 
and infinite can be identified. 


#120493. Ε :.a¢¢Clsinduct. 9: 
Νοξ «- Ne‘o.=.(qp)-psmé&.pCa.qic—p.=.q!NefEn Clfa— εἰσ 
Dem. 
Εν x117-26-221. 5b: Νοξ «- Nefo. D:~(Esmo)i(qp).psm&.pCo: 


[*73°3'37] D:(qp)-psm&.pCa.ptoa (1) 
+.*120481.3t:.Hp.d:pCo.qio—p.2.peClsinduct.pCa.qia—p. 
[*120°426] D.Nefp < Ne‘o: 

[100-321] DipsmE.pCo.qla—p.D-NeE<Ne‘c (2) 


F.(1).(2). #246.54. Prop 


#1205. F:a,8eNCinduct.qiax,8.3.ax,Be NC induct 
Dem. 
Ἐν #113203. t:aeNCinduct.qlax,0.3.aeNC—itA. 


[113601] D.ax,0=0. 
[Ε12012] 9. αχεθενΝΟϊπαποῦ (1) 
Εν #113671. DF.ax,(8+,l)=(ax,B)+,a- 


[*120°4501.%113-203] Db :aeNCinduct.ax,8eNCinduct—1‘A.9. 


ax,(8+,1)¢NC induct (2) 
F.(1).(2).*120°13. 3+. Prop 


The restriction involved in | !ax, 8 in the hypothesis of the above pro- 
position is not necessary if we assume that the axiom of infinity must fail in 
any one type if it fails in any other, 1.6. 


AatfaeNC induct.>.Ana #8 e NC induct, 


where a and 8 are any two objects of any two types. To prove this proposition 
would require assumptions, as to the interrelation of various types, which have 
not been made in our previous proofs. 
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*120°51. F:a,8,yeNCinduct.a+0.qlax,8.ax,8=ax,y. ».8=sm““y 


This proposition establishes the uniqueness of division among inductive 
cardinals. 


Dem. 
F.#120-44°436.93F:. Hp. 9 :(δ): βεε  Ἐςδὸν. γεβ, ὃ (1) 
Ε.Ἀ118.48. IF: Hp.B=74,6.3.a Χο y=(A Χο. γ) +. (aX, δ). 
[*120°42. Transp] D.ax,d=0. 
[*113°602] >.6=0. 
[*110-6} >.8=sm‘‘y (2) 
Similarly F:Hp.y=6+,6.3.y=sm“B. 
[*100°53.%113°203] >.8=sm“y (3) 


F.(1).(2).(8). 3+. Prop 
If 8, y in the above are typically ambiguous symbols, such as 
0, 1, 2, ... Nep, Nefe, ..., 

we have 8=y; for in this case, @=sm“8.y=sm‘‘y. Also if 8 and y are 
of the same type, we have 8=y, in virtue of «10343. Hence “8=-y” may, 
with truth, be substituted for “8 =sm‘‘y” in the above proposition, since the 
result is true whenever significant. But in this form the proposition gives 
less information, since it tells us nothing as to what happens when 8 and y 
are not of the same type. 


#120511. Fk: a,8e¢NCinduct.a+0.q!la.ax,B=a.3.f=1 
Dem. 
F.*113°621.3+:Hp.3d.ax,B=ax,1 (1) 
F.(1).*120°51 . #10128. 3+. Prop 
*120°512. b:ax,8e« NC induct -- εἴ --ἰΔλ. 9. α, 8B «e NCinduct — Ὁ —tSA 
Dem. 


+ .¥113°602203.5+:Hp.d.a,8eNC—20—-u'A (1) 

F.(1). #11762. DF: Hp.d.ax,BPea.ax,BPSP.- 

[*120°48] >.a, Be NC induct (2) 
~ F.(1).(2). DF, Prop 


*120°513. f:ae NC induct -—10—i'A.ax,B=a.>.8=1 [*120°511'512] 
This proposition does not hold when a is a non-inductive cardinal. 


#12052. F:a,8eNCinduct.qia®.D.a%e NC induct 


Dem. 
F .*116-203:301 . DF: ae NCinduct.qie®.d.a=1. 
[*120°122] D>. ae NC induct (1) 
F.#11682152. Obiqtattt. ᾽ς απο aoe x a. 
(%120°5] Dt:aeNCinduct.a’eNCinduct.q!ofte. Ὁ, 
af+teNCinduct (2) 
F.*116°52.%113'204. 3b :aF =A. D.g8tian A (3) 


—F. (1). (2)- (8). #12011. 3b. Prop 
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«12053. b:a,8,yeNCinduct.a+0.a¢1.qie.ai=a.d.8=sm“y 
Dem. 

t. «116-203 . Deiqgia®. D.qt~P (1) 

Ε. *120°44-436 . Dh: Hp. 3:(q8): Bayt 8.v.y=Bee5 (2) 

Ἐν #11801. «11652. DhiB=yt Ss. qi@.d.af=arx, a: 

[xl3-171.*118-01.(1)] Dkrae&sar. Bayt, d.qla’.d.av=arx,a® (3) 

+. 4120-52 .#116°35.(1). 3+: Hp. B=y+, 6.9.47 eNCinduct—i'A—'0.q! 8. 


[(3).*120°513] 9. α -- 
[Κ1117592] .ὅ-το. 

[1106] 2.8=sm"‘y (4) 
Similarly F:Hp.vy=@6+,6.9.y=sm"8, 

[*100°53.(1)] >. B=smMy (5) 


F ,(2).(4).(5). D4. Prop 

If a, 8, y are typically ambiguous syinbols, we have 8 =y in the conclusion 
of the above proposition, instead of 8B=sm‘‘y. Also if 8 and γ are of the same 
type, 8 =; thus 8 =¥ whenever “@ =” is significant. 


*120'54. +:&peClsinduct.qifé.pCo.qia—p-2.(Nefpy% <(Nefa)Net 
For the proof, which is here given shortly, compare *117°58. 
Dem. 
Ε. #35°432°82 .x80°15 11612. DE: Hp.d.(p fF ξιξς (σ 7 ξ)“ξ. 
(61 ξγιξ--( 1 Hs () 
Εν 412052. ΚΙ1615251. κ1|202. 5Ἐ:ΗΡ. 9.(01 ξ)ιξε ΟἸδίμάσου. (2) 
Ε. (6). (2). #120426. 3+: Hp.d.Ne(p 7 AcE «- Ne“(o 7 ξιξ:9.Ὁ. Prop 


4.120.5641. Fia,8eNCinduct—A.at0. 8B <y.d.B'<y* [κ13054.493] 
#120542. Εἴ a,ye NCinduct—tA.at0.8>y.3. 6% > [*120541] 


¥*120°55. F:a,8;yeNCinduct.a+0.q! At. B*=y7.9.8=sm"y 
Dem. 
F.#120°541°542 9 : Hp.d.~(8 <y).~(8 >). 
[*120°441] 2.8=smy: D+. Prop 


#*120°56. bsat2.a%eNCinduct —1‘A.3.8e¢ NC induct 
Dem. 
F.*117581.3F: Hp. 3.0% > 38. 
[*117°661] d.ae > (1) 
Εν (1). #12048... Prop 


*120°561. Ε: β >1.a%e NC induct —t‘A.D.ae NC induct 


Dem. 
b.#117'591.#116321.5+:Hp.d.a Ba (1) 
Ε.(1). #12048 . 3. Prop 
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#12057. b:neNCinduct —1!A.3.Ne(v Sy) =p +, 1 


Here “+,1” is necessarily in a higher type than “ yu,” because it applies 
to a class of which μι is a member. 


Dem. 
Fa #l17511.3+. Neti» <O}e 1 (1) 
bixll04. Dkip=A.D.pt,1=A (2) 
+ .%120°429-442 .D 
Fb: weNCinduct.qivt,1.3.d3(vSpy=(v cpt, 1). 
[*117°104°105} 9. «- μ-, 1) τπλί Ξ μ)ὴ)νυ εἰμ 1) (9) 
F. *120428. 5+: Ηρ (3). 9. μ΄ Ἔ,1οὐενίν ες μ) (4) 
F (3). (4). Κ10681.39 
b:Hp(3). Νοῦν «Ξ μὴ μ 1.1.2. NeG(vSptl)=u+o2 (5) 
.(2).(5). Db: με NC induct: w=A.v.NeV(iysgpu)=pt lid: 


pt l=A.v.NeGrgpt,D=pt+,2 (6) 
F.(1).(6).*120:13. D+. Prop 
Ἀ1206. Ετ:(Ώ 7). Σ΄ Ct. d.ql(at+,ly at 
Dem. 
+. xl171.3 
+: Hp.3:(qy¥, p,0).Ncfp=a.N ofa =y.q! NepaCle.~gq! Ne‘anCl‘p: 
[*x100'1] 3: (yy, p, 0, &). Νιορ =a. Ncfo=y.Esmp.€Co.F+o: 
[κ24.6] 9 τ(ΉΏγ,ρ, σ, ἕξ, ). Νιορ τε α. Noefcay.Esmp.cec—E: 
[*¥110°631] 3: (qé, 2). Eu "αεα ες Latin τ. 9 Ἐπ] Prop 


#12061. big! N.C a tx -- NC induct. 3. Infin ax (x) 
Dem. 
Εν #12049. DDFs. ye N,C ἃ #2 —NC induct.9: 
. aeNCinduct.qla.d..y>a.yCc. 
[*120°6] 2. Hlat,lat« (1) 
Εν (1). #101:12 .*120°13.5 
t:i.yeN,C—NC induct. :ae¢NCinduct.3,.q!a(a):. +. Prop 


*120°611. +: Be Clsinduct. BCASP.D.q! PafB 


Dem. 
Ε. κδ026. ΞΕ . απ Patt. 
[Simp] DF:ACAHP.D.q! PafA (1) 


Εν x80-94. Db iq! Paf8.ceU'P.d.q! Pa(B v tte): 

{Syll] DE: ABCAOP.D.g! PaB: 3: BCOP.2e0P..g! Pa(Bu rte): 
[*51°238)} . D:BuleCO'P.3.q! Pa(Sve'z) (2) 
F.(1). (2). #12026. DF. Prop : 
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#12062. F:«eClsinduct. Avex. 2.q Leask 


Dem. 
b.*839. Db.qlestA (1) 
+. #83°904. Db: qlest«.Qla.d.qles(eu la): 
[Syl] Dkr Arvex.d. εκ Di Aven. gla.d.qies(«ev ea): 
[24°54] “τελῶ είμν κα). 2. πϊεαίκυ α) (2) 


Ε.(1).(2). *120'26. 3+. Prop 
The above proposition may also be deduced from *120°611, by *62°231. 
—_— 
#12063. |.Clsinduct—efACCls*mult [12062 . *88°2] 


In virtue of this proposition the multiplicative axiom is not required in 
dealing with a finite number of factors, even when some or all of the factors 
are themselves infinite. 


*120°64. +:Infinax.v. Multax 


Dem. 
+. *120°61. Transp. 9 Ε :.~Infinax.3:N,CC NC induct: 
[*120°21] 9 : (κ). κ Cls induct : 
[*120°62] ϑι(κ): Aven. 2. q! es%e: 
[88.391] 9: Multax:. 3+. Prop 


Thus of our two arithmetical axioms, the multiplicative axiom and the 
axiom of infinity, at least one must be true. 


#1207. FiaeClsinduct.aC@.a+8.3.Nea<cNe‘8 [120-426 .%246] 


*120°71. |:,ceClsinduct.=.pvoeClsinduct.=. p +a eCls induct 
Dem. 


F. #120481. ΞΕ: pu σε Clsinduct. 5. p,¢ ¢ Cls induct (1) 
F.*120°481 . 5: ρ,σ ¢ Clsinduct.3.p,¢—peCls induct. 

(*120-21] >. Nye‘p, Νιο'(σ — p)e NC induct. 
[120-45] >. N,cfp +, Nocf(¢ — p) ε NC induct. 
[¥110°32] 2. Νοίρυ c)e NC induct. 

[*120°211] >.pvaeCls induct (2) 
F.(1).(2). Dk: p,ceClsinduct.=.puce Cls induct (3) 


F. #11012. 120-214. DF: p,06 Cls induct. =. 

1 (Ana) “tp, (Aap) | “ioe Cls induct. 
[(3)-(#110-01)] =.p+oeCls induct (4) 
Ε.(8).(4). D. Prop 


The above proposition is frequently used. 


SECTION 


#*120°72. 
Dem. 


*120°721 
Dem. 


*120°73. 
#120°731 


*1 20°74. 
Dem. 


F.#116°72 . #12021 . 3+: Cl*p ε Cls induct. 
[#1 20°123-52°56.%116°72.(#116-04)] 
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F:p,oe Clsinduct.>.p x σε Clsinduct 


F.*120'21,3+:Hp.d. Nycfp, Νιοσε NC induct . 
(*120:5 | >. Ne(p x o)e NC induct. 
[*120°211] D.px oe Cls induct: D+. Prop 


-Fuqip.qto.J:p,ce Clsinduct.=.p x ce Clsinduct 


F .*120°512 .*113-107 . > 

Fs. Hp.3:pxoaeCls induct. 9. Ne‘p, Νοίσ e NC induct. 
[*120°211] >. p,¢ e Cls induct (1) 
F.(1). #12072. D+. Prop 


F:p,ceClsinduct.>.(pexpo)eClsinduct [#12052 .*116-251] 


-Faatp.»qio.prel.dip,ce Clsinduct .=. (p expo) ε Cls induct 
[*120-56-561:73] 


F: pe Cls induct. =. ΟΡ ε Cls induct 


» Nee w t*Cl‘pe NC induct. 
. N,cfp ¢ NC induct. 


ΜΕ ΠΕ 


(*1 20°21] .p€Cls induct: DF. Prop 
#120°741. Γ : s‘« ε Clsinduct. D>. καὶ ς Cls induct. « C Cls induct 
Dem. 
t.*120°74. DIF: Hp. 2. Cl’st« e Cls induct . 
(«60°57 .#120°481] Ὁ. κε Cls induct (1) 
Εν #4013 .%120-481.5F:.Hp.Ddipex.d.peClsinduct (2) 
F.(1).(2).34. Prop 
*120°75. Ἐ : 5(κ ε Clsinduct.=.«¢ Clsinduct .« C Cls induct 
Dem. 
Ε. #2258. Dk: qi«—Clsinduct.>.q!(« v ea) -- Clsinduct (1) 


F.#*120°71 .*53°'15. Db: s*«eCls induct. a ε Cls induct . 2. 


s(x υ tifa) ε Clsinduct : 


[56] 2 Ε :. sfc ¢ Clsinduct.D: 
awe Ols induct .v.s(« v ta) ε Cls induct : 
[#5116] 9 : ἢ "(κυ εἴα) —Clsinduct.v.s(« v ta) ε Cls induct (2) 


F.(1).(2).DbF:.q!«—Clsinduct.v. δέκ ε Clsinduct: 9 : 


ai («v ta) —Cls induct .v.s(« v κ'α)ς Cls induct (3) 


ἔς. «40°21 . 120212 .D+.s*A ς Cls induct (4) 
Ε. (8). (4). κ] 2076. 9 -. «eClsinduct.3: 


τ t«—Clsinduct.v.s‘« ε (8 induct :. 


{*5°6] 9 Ε : κε Cls induct . κα C Cls induct... s‘« ε Cls induct (5) 
Ε. (5) -*120°741. 35. Prop 
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#12076. b:«eClsinduct.« C Clsinduct.3. es%« ε Cls induct 


Dem. 
bik5l2. Db αεκ. DiKk=HKvV Ea: 
[*13-12] D: cafe ε Cls induct. 3. εαἰἰκ νυ τα) ε Cls induct (1) 
Εν 83°41 .%114301. Db: a~ren. dD. εδ'ίκν ta) sm εδίκ X (2) 


+. (2). #120214. Fnaven.D: 
es(« ν ta) e Clsinduct.=.es5«xaeClsinduct (9) 
F.(3).*#12072. Dhsavex.d: 
esx, ae Clsinduct. D. eg(« ¥ ta) e Cls induct (4) 
F.(1).(4). Db: efx, ae Clsinduct .D. es(« ν ta) ε Cls induct (5) 
Ε. (δ). κ51.2. 8}}}. Dh:.«CClsinduct. >. es“ ¢ Clsinduct: 5: 
κυ τας Clsinduct . D.e4(« ν κα) ε Clsinduct (6) 
F.*83'15 .#120'213. 96. ea‘Ae Cls induct. 
[Simp] DF: A CCls induct. >. esfA ε Cls induct (7) 
Ε΄. (6). (7). ΑἹ] 2026, Dr: «eClsinduct. 3: 
κ C Cls induct . >. εαἰκ ε Clsinduct :. +. Prop 


The following propositions are concerned in establishing the converse of 
*120°76 subject to a suitable hypothesis. The final outcome is given in 
#120°77. 


#120761. F: qf eg’. εδίκ ε Cls induct. 3. « C Cls induct 


Dem. 
b.#83'41 . #114301. DF i.aee. Dr egfesma Χ εα'(κ —t*a): (1) 
(%120°214] 9 : ea’ e Cla induct. =. a x εδ'(κ — ε'α) ε Cls induct (2) 
F.(1). #113114. Diiqteste,aex.d.qta.qles(«— ta) (3) 
F .(2).(3).*120°721 .D Es. qleste.aex.2: 
εκ ε Cls induct. > .aeCls induct (4) 
F.(4).Comm.F. Prop 


*#120°762. b: «eClsinduct. Avex. gil nn. >.(qR,S8).R,Seete RASH=A 
Dem. 

b.e512.Db: RS eeste. RAS=A.acn.d. BR Se eg(e via). RAS=A (1) 

b.#83°5 .#55'201.9 

Ht: R, See. RAS=A.a,yea.cty.aren.d. 


RualaSvylace(evia.(Ruelaa(Suyla=A (2) 
b.(1).(2).#5241.Db: RB, Seeste. RAS=A.catA.arel.d. 

(AP, Q).P, Qees(euua).PAQ=A (3) 

F.5116. Dba a=A.viaeli: Di Δείκν α).ν. ἘΠῚ αἰκὺ κα) (4) 


Γ. 2258. ΕΞ Δεκιν. ΓΙ ακεϑιΔείκυ μα).ν.ἩΠῚ κυ ἃ) (5) 
F.(8).(4).(5). 3b: Δεκιν. 11 a«.v.(qk,S8).BSeeste- RAS=A:3: 

Ae(evt'a).vieglla(«uca).v.(qk,8).R, Sees(«euta).RAS=A (6) 
F.¥8315.9.(GR,8).R,SeatA.RAS=A (7) 
Ε΄. (6). (7). *120°26 D+. Prop 
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#120764. Ε: ee Clsinduct. Arex .wgt(lan). >. Νοίελίκ 55 Nok 
[¥120°762 . #117-681] 


*120°765. F: «eClsinduct. Avex. wgqi(lanc).«CrA.qlaAr.2. 
Ne‘ea‘A 2 Ne‘« [*120°762 . #117684] 


#120766. F: A ~eClsinduct. AnwedX.0Gi(lnr).qleadr.o. 
Nefes*'X~e NC induct 
Dem. 


F.*120°491.9F:. Hp. D:veNC induct.d. 
(qu).«Cr.Nefe=viArenx.r~gqi(lanc). 

[*120°765] >. Nefesr Sv: 

[¥120-121] D:veNC induct. 9. Nefeg Syt,1. 

[#1 20°429] D.Ne‘esr > v: 

[#11742] 2: NefeatX. +e NC induct :. DF. Prop 

*120°767. Fs es‘NeClsinduct. Amer wg! (Lad). gle’. 9.0}. ε Cls induct 
{*120°766 . Transp] 

#12077. Fi. Arex .ngqi(lnake).qiets«.o: 

ea‘ e Clsinduct. =. κε Cls induct. « C Cls induct 

[*120°76'761°767 | 
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*121. INTERVALS 


Summary of *121. 


The present number is concerned with the class of terms between # and y 
with respect to some relation P, 1.6. those terms which lie on a road from x 
to y on which any two consecutive terms have the relation P. Such a road 
may be called a P-road, and if zPw, the step from z to w may be called a 
P-step. In order that a P-road from x to y should exist, it is necessary and 
sufficient that we should have «P,,y. When this condition is fulfilled, there 
will in general be many P-roads from # to y. But if Pe Cls—+1.~(yP yoy), 
or if Pe1—»Cls.~(aP,), then at most one road leads from « to y. This 
follows from the propositions of #96. In virtue of those propositions, if 
PeCls—>1.~(yP yoy)» 2P poy, P is 1-1 throughout the road from z to y, 
and this road forms an open series. The two other possibilities with a 
Cls—» 1 are (assuming #P,o7) 

(1) μοῦ, 
(2) yP roy + ~(€P yo). 

In the first case, there is a cyclic road from x to 2, and there are two 
roads from # to y, one consisting of that part of the cycle which is required 
to reach y, the other consisting of this part together with the whole cycle 
required to travel from y back to y. Thus the class of terms which can be 
reached in some journey from x to y is the whole class of descendants of ἃ, 


ae. the class Ry“«, which is the cycle composing the road from « to δ. 


In the second case, the descendants of x form a Ὁ, and y is in the 
circular part of the Q@. Here, as before, there are two roads from «@ to y, of 
which the first stops as soon as it reaches y, while the second proceeds to 
travel round the circle until it comes to y again. Thus here again, all the 
descendants of ὦ lie on some road between # and y. 


The interval between x and y is defined as the class of terms lying on 
some road from # to y. There will be four kinds of interval, according as we 
do or do not include the end-points as such. We denote the kind including © 
both end-points by . 

P(erry), 


. Ρ ( —Y), 
and the other two respectively by 


P(x-Ay), P(ary). 


that excluding both by 


The definitions are 


«- > & > & > & ~ 
Pyfaan Pyly, Pykt 0 Pooky, Pye 0 Pyfy, Pyle nr ρον. 
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If P is either one-many or many-one, it will be one-one throughout the 
interval P(w+ y), except at most at one exceptional point, namely the 
junction of the tail and circle of the Q. If Po” or ~(yP,.y), the interval 
between « and y cannot be Q-shaped, but must be either open or cyclic; in 
either case, P is 1-»+1 throughout P(x Hy), with no exceptions; for if 
PeCls—+l1, P is 1-+1 throughout the interval because the interval is 


~ 
contained in Py‘x, and if Pe1—»Cls, because the interval is contained in 


Py, Thus throughout this number we shall constantly have the hypothesis 
Pe(Cls—+1)u(1—»Cls); if PeCls—+1, the interval is to be supposed traversed 
from x to y, while if Pel —Cls, it is to be supposed traversed from y to a. 
In either case the interval between « and y must be an inductive class, 
This is proved in *121:47. If, however, P is serial (cf. *204), and thus 
neither many-one nor one-many, the interval between ἃ and y is the stretch 
of the series between w and y, with or without end-points according to the 
definition chosen, and need not be an inductive class. 


If the interval between x and y (both included) has py +, 1 members, we 
say that «P,y. Thus if there is only one road from αἱ to y, “xP,y” means 
that it requires v steps to get from 2 to y. Assuming PeCls— 1, if we also 
have P,,G J (ve. if none of the families of P are cyclic), then if #P,y and 
yPz, we shall have #P,,,,z. On this basis an inductive theory of P, is built 
up, and it is shown that the class of such relations as P, for different 
inductive values of ν is the same as Potid‘P, the class of powers of P in- 
cluding Jf C*P (#1215). The definition of P, 15 

P, = 29 {Nie P (a@H1y)=v+,1} Df. 

The whole class of such relations as P, for different inductive values of ν 

is called finid‘P, 2.e. we put 


finid‘P = R{(qv).veNC induct-uA.R=P,} Dé 


If BP exists, and if Pe (8 - 1, then the descendants of Β΄}, so long as 
we do not reach a term y for which yP,,y, may be unambiguously described 
as the 2nd, 3rd, ... vth, ... terms of the posterity of B‘P, BSP itself being 
the lst term. The correlation thus effected with the inductive cardinals is 
the logical essence of the process of counting; the last cardinal] used in the 
correlation is the cardinal number of terms counted. We will call these terms 
1», 2p, ... vp,..., defining vp as follows: 


vp= P,..{BP Df 


F—~cll 
This notation does not conflict with vg as defined in *65°01. There & 
must be a class if ν is a cardinal, here ν must be a cardinal and P a relation. 


Hence whenever vp exists, the number of terms from the beginning to 
vp (both included) is ν. This is the fact upon which counting relies. If P is 
a many-one and P,, is contained in diversity, and ν is any inductive cardinal 

15—2 
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other than 0, then yp exists when and only when Py SBOP has at least v 
members; 1.6. roughly speaking, vp exists whenever it could possibly be 
expected to exist. In this case the whole posterity of B‘P is contained in the 
series lp, 2p, ... vp, ... (*#121°62). If the posterity is an inductive class, this 
series stops; if not, it forms a progression (cf. #122), 


The propositions of the present number are very useful, not only in this 
section, but in the ordinal theory of finite and infinite and in parts of the 
book subsequent to that theory. 


After some propositions which merely repeat definitions and give im- 
mediate consequences, we proceed (#121°3 ff.) to the theory of P,. We have 


#121302. : P,,G7.5.P,=1f OP 
*121:305. Ε: P,,€ 7.9. P,EP 
*#121°31. +:Pe(1+Cls)u(Cls31).P,,CJ.3.P,=P 
When P is a transitive serial relation, we shall have P,= P+ P?. 
#121321. F:v>0.9.P,CP,, 
#121333. Ε: PeCls1.P,G€J.9.P,,,=P|P, 
#121-:35:351:352. F: Pe(1—Cls) vu (Cls 1). P,, GJ. ve NC induct .9. 
Pj Py = P.| Pa = Paso 
A similar result holds for (P,),, which = P,,,, in the same circumstances. 
We next proceed to the proof that an interval (under a similar hypothesis) 
is always an inductive class. This occupies *121:'4—-47, being summed up in 
the proposition 
#12147, FF: κὶ ἐ(6( 8 -- 1)ν ( --ὉΞ (8). 3. R(w@Hz)e Clsinduct 
This is an important proposition. It leads to 
#121481. Ε:. ReCls1.3:Ne‘R(aHy) « ΝΟ (ὦ κα 2).Ξ. 


R(wHy)C R(e@Hz) 
with a similar proposition if Re 1—>» Cls. 


The next set of propositions (121 ὅ--- 52) is concerned with finid‘P. 
Assuming ἢ ¢ (Cls—+1) (1 --Κ Cls). P,, GJ, we prove that ἤπια" Ὁ = Potid‘P 
and finid‘P—i*P,C Pot*P (*121°5); that if P is not null, finid‘P —i*P,= Pot*P 
(#121501); that §finid‘P = Py (#121-52) and §(finid‘ P—'P,) = Py9(#121°502); 
and that P,= P?. P,= P*. etc. («121°51). 

Our next set of propositions is concerned with vp (*121'6—638). We have 
Ἀ121 601. Γ: BE! ΒΡ... BYP=1p.~|(BP) P, (BP)} 

#121602. Ε: EL BSP. Pel 1.3. PRP = ἃ, 
ἈΠ21.684, F:. Pe Cls+1.P,, GJ. ve NC induct —10.3: 
vpeDSP.=.E!(v+,1)p 
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—> 
Finally we have three propositions (*121‘7—72) on Ry‘a, of which the 
most useful is 


> -- 
Ἀ1211. -F:Rel—1.aBR.aRyc.d. ἔχ Ξε Ε (αν). RyfceCls induct 


12101. Ρᾳ- 9) Ρααβ DE 
Ἀ121011. Ρίω-})- Ῥιωσα Py DE 
4121012. P(ary)=Py'nn Poty Df 
4121013, P(wHy)= Pyar Pyfy DE 


#12102. P,=29 ΝΡ (w@Hy) = +, 1} Df 
#12103. finid‘P = RB ((qv).ve NC induct —1*A. R= P,} Df 
#121031. fin‘P = R (qv). veNC induct-vA-v0.R=P,} Def 
#12104. vp=P,_, ‘BYP Df 
#1211. FizeP(ex—y).=.2P 2. 2P poy [(#121:01)] 
#121101. Fi: ze P(z@—y).=.0P 2. 2Pyy 
#121102. F: ze P(a@ry).=.aPyz. 2P yy 
#121103. FizeP(tHy).=.0Pyz.2Pyy 
#12111. F:eP,jy.=.N chP(e@Hy)=v4,1 [(*121-02)] 
#12112. +: Refinid'P.=.(qv).veNCinduct-iA.R=P, [(*121-03)] 
4121-121. Ε: Re fin'P.=.(qv).ve NC induct — "Δ -- (Ὁ, R= P, [(#121-081)] 
412113. bs f(vp). 0 f (Py BP) [(#121-04)] 
4121-181. ΕἸ EL P,_'BP.D.vp = P,_,SBP [#12113 . #1428] 
#12114. +. P(e@—y)=P(y—2) [¥1 21-1. #9153] 
4121-141. ΕἸ P(e ay)=P(yr 2) 
4121142. Ε΄ P(w@ey)=P(y2) 
4121-143, b. P (ay) =P (yH2) 
#121200 bin(aP, 2). Deere P(e—y) [#1211] 
#121:201. Fi~(yP,oy)) D.yre P(e—-y) 
#121202. ΕἸ P,, GJ. D.2,yreP(e—y) [#1212201] 
#12121. b:aP,,y.e.yeP(any).=.q!P(ey) 
Dem. 
Εν 9012. 49154. Db raP y= + tP poy yPRy « 
{*121-:101] =.yeP(#-y) (1) 
Εν #121101. Db: q! P(aty).=-@Pyo| Pyy- 
[#91574], = 


ΚΡ yoy (2) 
F.(1).(2).95. Prop 
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ce P(ary).=.qiP (ery) 


ttl 


#12122. FiaPoy- 
#12123. bF:aPyy.=.2,yeP(eHy).=.qiP (aHy) 
#121-231. ΕἸ ΦΕΟῚΡ ΞΡ (ων). Ξ ἢ 1. (eH) [121-23 . 9012] 
#121:24. b:e¢P,y4.9.P (aay) Ξ Ρίω --ψὺὴν ty 

Dem, 
F. #9154. *121°101.5 
bKi.zeP(@y). S=:aP,2:2Pyoy.V 2=y-yeCOP: 
[#13°193.491°504] =: aePi92¢.2PpoY VCP poy 2=Yy (1) 
Ε.(1). 478. Ὁ : Hp. 9 1. 2eP (ary). S:0P, 2.2Pyy.V.z=yr ob. Prop 
#121:241. F:a@P,.y.0.P(ery)=P(e—-y) vie 
#121-242. F:aPyy.3. P(ary)=P (aay) v a= P(e ry) vty 

=P(a—-y)vifevily 

#12125. +. P,.(@—y)=P(e—y) [*91°601.*121-1] 
#121251. +. ,.ο(α--ἰν) = P (ω--ἰἰῷ. 
4121.262. Ε. P,,.(e@-y)=P (ary) 
#121253. +. P,. (eHy) =P (e@Hy) 
4121-254. Ε. P,=(Pyo)y [¥121-253-11] 

*#121-254 is frequently used in the theory of series. 
412126, +.P,=(P), 

Dem. 

b.121:11143. Dt: aP,y.=.No'P(aHy) =r 4,1. 
[*90°132.%121°11 ] =, a(P)yy : D+. Prop 

#12127. biePyy.d.v,v+,leNC—UA 


Dem. 
F.*121-11.*10312.3F:Hp.d.P(@Hyjevt+,1 (1) 


F.(1).%*110°442.. D+. Prop 
#121271, Ε τουίν,ν +,leNC-tfA).>.P,=A [*121-27. Transp] 
#121272. b:q i P,.DdD.ve0.v+,1>0.7+,1 521 


Dem. 
b. 1175 .#121-27.D+:Hp.d.v D0. (1) 
[¥117°561.4110°641} D.v +11. (2) 
[#117°511'531] D.v+,1>0 (3) 


F.(1).(2).(3). DF. Prop 
#121273. Fi: gt Py... +,1 >0 
Dem. . 
Γ. #12127 .*1104.>+:Hp.d.veNC—iA. 
[*117-6] D.v+,1>1. 
(*117°511°531] D.v+,1>0:31F. Prop 
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*1213. +. P,GCIP OP 
Dem. 
F.el2011.DtiaPy.=.P(aHy)el. 
[#1 21°23] D.@Pyy.c=y. 
[*90°12] 95.“ If OP) y: 3+. Prop 
#121301. F:~(aP,,2).D:aP yy.=.aeOP.a=y 
Dem. 
ΕΓ. #9154256. Db: aPyz.2Pye. $21. HP ott (1) 
F.(1). Transp. 3+:. Hp. Dd: eP yz. Pye. Ὡς τι ὠτεεὶ 
[*121:231] D:2eCP.D.P(aHaz)= te: 
{*13°12.%52-22] DiveOP.c2=y.9.P(aHy)el. 
[#12111] >. aPyy (2) 
F.(2).%*121'3.DF. Prop 
#121:302. Ε: P,,GJ.9.P,=LfO°P [*121°301] 
#121303. Ε: Ne‘P(eHy) > 1.3. ¢P oy 
Dem. 
Ε.121.28. 52-22 .411742.5+b:.Hp.d: ae Βίων)... (ary)+ ee: 
{*51°4. Transp] D:(q2z).zta.zeP(ary): 
[*121°103.4%91°542] D:(qz). Pi 2. 2P yy: 
[*91°574] Ὁ: ΡΥ τ. ΕΠ Prop 
#121304. F:.P,CJ.diePy.=.P(aHy)=taevity.aty 
Dem. 
F.#*121303-11.3¢:Hp.aP,y.3.aPy. 
[Hp] D.aty (1) 
Ε. (1). #5453101 . #1212311. 2 Ε΄ Prop 
#121:305. F:P,,¢€/.3.P,EP 
Dem. 


+. #*121:303.3+:Hp.#Pyy.3d.2P yoy. 

{*91°52] >.(q2). 2P2.2Pyy (1) 
F #121304. #91542. 2 

Fi Hp. #Py.D:¢P i 92-2Pyy. De 2 yt 

[*91°502] D:aPz.2Pyy.D.2=Y (2) 
.(1).(2). 3Ε. Prop 


ἈΠ21.306. Ε:Ρ Pel --Ὁ (]5. (ὦ...) ΦΡῳ.2.. Ῥ(φῳειμ)γπιυίαν νι ῶτεν 


Dem. 


Εν. 491542. Db: ePyz.2zPyy.zta.zty-cPy sD: μοῦ. zP yoy. ePy: 


[5341] 
[κ95.11] 
[191.514] 


2 :ΦΡ μοῦ. Pa: 
:ΡΕεῚ- ΟΙβ. 3. ΡΣ. eP yet 
2: ὲῚ] - (]8.2..ὡΡροῦ (1) 
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t.(1). Transp. Di: Hp.3:.¢Py2.2PyyI2tz=@.vizay (2) 
Ε.Ἀ12128. Dt:Hp.d.2,yeP(tHy) (3) 
b.*91'502. Dt:Hp.d.c+y (4) 


Ε. (2). (3). (4). #121103. D+. Prop 
#121307. : PeCls—1.~(yPpoy) @Py.2> Play) =evity.aky 
{*121°3067143 ] 


#121308. Ε:Ρ ε(1 --ν (19) v(Cls 1). P,,€J.9. PEP, 
{*121:306°307'11 . *54°101] 


#12131. b:Pe(1—»Cls) v(Cls-—91).P,,€4.9.P,=P [*121305308] 
*121:32. +. P,G Py 


Dem. 
Ε. ΚΙ21 11. Κ130.421., 10114. Transp. DF: aPy.Dd.q!P (cry). 
[#12123] D.cPyy:Dt. Prop 


If » is not a cardinal, or ifv+,1=A, P,= A. 
#121321. F:vy>0.0.P,CP,, 


Dem. 
Εν. #120428 .*121:11.>+:Hp.aPy.d.NefP(aHy) >1. 
{4e117°55.%52°181.4121°23] >. (qz).zeP(aHy).z42, 
{4#121-103.491'542] Ὁ. (G2). P92 zhyy - 
[01.514] >. #P,.yi 3+. Prop 
#121:322. Ε΄. ΟΡ, ᾿ς ΟΡ [#12132 .*90'14] 


#121323. F:v>0.3.D°P,CD°P.d°P,CAP (*121°321 , #91504] 
#121324. +. D°P,, ,CD°P.aP,,,,C TP 

Dem. 
F .¥121-273:323 . Dig! Py. D-DSP41 CDP. ΤΡ COP (1) 
F (1). *33'241. D+. Prop 
#121325. Fi: qi P,AP,.d.u=p 

Dem. 
Εν. 2111. 9 Ὲ:ΉΗΡ.2. . ἢ Τ(μ Ὁ 1} (ν τ 1) αἷμ. 
[*100°42.%110°4] 2. ᾿(μ 5 1} ἐμ. (ut 1) ὠΐμεεν Ἐ91. 
[¥120°311] D.u4=v:9+t. Prop 
#121326. +. fin’P C finid‘P. finid‘P—e°P,C fin'P [12112121] 
#121327. Γ: 1... 2. fin'P = finid'P — uP, 

Dem. 
F #121325. Transp. *121:121.>+:Hp.3: Refin'P.3.R+P, (1) 
b.(1).#121:326.3+. Prop 

#121°33'331 are lemmas for *121°332, which is a very useful proposition. 
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#12133. -:.PeloCls.3:zeP(a-y). 
zeP(atry). 
Dem. 


Γι. 717. 5b: Hp. 3: 2Py (Pty). 
[*91°52] 
Ε. (1). Κ1211101102108. D+. Prop 
From the above proposition it follows that 
Pel—Cls.yeQ'*P.9. P(a—y)= P(a4P*ty). P(aty) =P (@HP*y). 
This does not follow unless ye A‘P, because 
P(a—y)=P (#APty).3. HI Py, 
whereas zeP(ax—y)-=,.2¢P (aaPy) 
will always be true if y~e ΠΡ, and therefore (when P ¢1— Cls) if ~E! Pty, 


ze P(2APy): 
ze P(aHPy) 


ill 


2Py\ Py. 
- 2P yoy (1) 


ih All 


#121331. Fi. PeloCls.P,, GJ. 3: 0P, (Ply). =. 0P yy 
Dem. 


b.#121324.47116.3b:. Hp. d:aP,,,y.9.B! Pry (1) 
Ε.Ἀ.121.38. Dt: Hp. BE! Py.5.P(e-y)= P (tH Py) (2) 
b .#121°242-32.(2), Dk: Hp@).aPyy.3. P(any)=P(@Py)viy (8) 
F.#91'52. Dt: Hp.d.~(yPy| Py): 

[*71°7] D «~ ly  ΡᾺ)}}. 

[*121-103] 9 «οἷν ε P(aHPy)} (4) 


Ε. (8). (4). Ξ11063.2: Πρ (8). 3. ΝΟΙΡ (ayy) = ΝΟ Ρ @HPfy)4+,1 (5) 
b.(1).(5). #1211132. 2 

Fi: Bp. ΡΨ . 2. (ν Ἐς 1) Ἐς 1 Ξ ΝΟ (aHPy)4+,1. 

[*120°311.4121:27] ).v+,1=NefP (aH Pry). 


[¥121-11] 3. aP, (Py) (6) 
Ε. (5). #1421. #1211132. DF: Hp. P, (Pty). 3. Nef P (ay) = (v+,1)+,.1- 
[#121-11] D.0P ay (7) 


Ε. (6). (1). D+. Prop 
#121332, ΕἸ: PelLoCls.P,,GJ.9. ΒΡ ΞΡ. ΡΟ [κ121.381] 
Ἀ121.888, ΕἸ PeCls 2 1. P,,¢J.9.P,4,,=P|P, 


*121:34. F:Pel—+Cls.P,,¢J.veNC ᾿ηάυοῦ. 32... εἸ -- ΟἹ 
Dem. 


b.xl213. Dt. Pel Cls qQ) 
+ .#*121332.3h:.Hp.3:P,e13Cls.3.P,,,¢14Cls (2) 
bk. (1). (2).#12011.5+. Prop 

*121:341. Ε: PeCls31.P,,GJ.veNCinduct.3.P,eCls1 

#121°342. ks: Pel 1. P,,GJ.veNCinduct.>.P,el—+1 [*121:34341] 
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*121:35. +: Pel—Cls.P,,GJ-u,veNC induct.3. P| Py= Pause 
Dem. 


Εἰ #5062 . 121302322. Db: Hp.d. Py] Po= Paseo (1) 

Εν *121:332. DF:.Hp.d:y4,veNCinduct. Py) Py = μιν. 9. 
Py| Poe = ater |P 

[#121332] = Putevter (2) 


Ε.(1). (Ὁ). #12013. D4. Prop 
#121351. Ε: PeCls1.P,,€J.u,veNCinduct.3. P| Py = Pus 


Ἀ121.352. bk: Pe(1—Cls) ν (Cls 1). P,, € J. u,v e NC induct. 3. 
P,)P,=P,|P,  [*12135351.#110°51] 
#12136. +: Pe(1—Cls)v(Cls1). P,, CJ. μὲν NC induct — 10.9. 


(Puy = Pauxev 
Dem. 
b.#121:321.5+:Hp.3.P,¢P,,. 
[*91°59°601} D.(Pwpo Ed» (1) 
[36 121.31.34.84}] 9.(Ρ.}5Ξ.Ὰ (2) 
Εν 3 121.332.3323.302. (1), 
bk: Ηρ. 9: ΡΞ), Pat 
[434-27] 9: (Ρμ)},Ξ Pansy) Ds (Paver = Puxev| Pu 
[*121°35°351] = P exar)-ten 
[*¥113°671] = Paxewten (3) 


F.(2).(3).#120°47 . D+. Prop 
Ἀ121.961. +: Pe(1—Cis) uv (Cls—1). P,, ES. μιν ε NC induct — 10.9. 
(Py) =(P,)_ [#121°36 . ¥113:27] 
#12137. b:PeClsol.ye P(@Hz).9.P(@Hz)=P(aHy)yuP(yHz) 
Dem. 


b. #121103. 3+: Hp.d.aPyy. yPyz (1) 
Εν (1). #121108. 3 
F:.Hp.I:weP(aHz).=.ePyw.wPyz.aPyy.yPsz (2) 
Εν 96.802. Dh: Hp.D:.¢Pyw.aPyy. Dd: wPyy.v.yPyw (3) 
b .(2). (3). μ4:8.9 
birHp.d:.weP(aHz).2=:0Pyw.wPyz.aPyy.yPyz.wPyy Vv 
oPyw.wPyz.aPyy .yPyz.yPyw (4) 

b.k9017 244-73, Db: wPyy. yPyz.=.wPyz.wPyy.yPx: 

yPyw .wPye.=.yPyz .wPyz.yPyw (5) 
Ε. (4). (δ). 5 τ: Ηρ. 9 1 we P(awz).=:0Pyw.cPyy.yPyz. wPyy-v. 

ΦΡκῦ. ΡΟ ΦΡΧΨ χιυ: 

[*90°17 44°73] =:0Pyw.wPyy.yPyz Vv. aPyy. yPyw . wPxze: 
[(1).#4°73] =:0Pyw.wPyy.v.yPyw.wPyz: 
[*121-°103] =:weP(any)y P(yHz)i OF. Prop 
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*121°371. Fk: Pe(Cls—y1)u (1-»Cls). ye P (wz)... 
P (erz)= P (aey)u P (yz) = P(ary) vy P (yz) 
=P(ary)v P(y-z) [Proof as in *121:37] 
#121372. +: Pe(Cls—1)u(isCls). ye P(az).3d. 
P (@—-12z) = Ρ(ω-αν)υ P(y2) = P (ay) Ρ (yHz) 
#121373. Ε: Pe(Cls—y1)u(1 Cls). ye P(at-z).3. 
P(or2)=P (ary) v P(yr2) = P (ery) v P (ye) 
#121374. Ε : Pe(Cls—»1)u(1—Cls). ye P(a—2).9. 
P(a—2)= P(a-y)v P(y—2) = P(a-y)¥ Ρ (ψε- δ) 
= P(aay)v P (yz) 
The proofs of these propositions are analogous to the proof of #121°37. 
412138. Ε: ReCls+1.aRyo.2.R(arin)=Ryfo [Ἀθ7:8] 


*121:381. Ε: Rel+Cls. aR, 2.3. Καὶ (aH2) = Ryfa [97.601] 
Ἀ121.582. Ε: ReCls1. Φ Προ «ΦΙ ον «2. 

R (wa) = R (ety) = Ryko = B (yy) [4075 . ¥91-56] 
#€121:383, Ε: RelCls.2R,,¢.yR, .9.. 

Rena) = BR (yHe) -Ὥ κα =Riyry) 
*121:384. Ε : Re(Cls 1) ¥ (1 Cls). οὐ. ye R(aH2).d. 

R(a@He)= R(aHy)=R(yHe)=R(yHy) — [#1 21:382°383] 
#12139. -:.ReCls—a1. 3: R(cHy)CR(auHz).v. Καὶ (Hz) C R(aHy) 

Dem. 


t .*96°302 . It: Hp.whyy.cRyz. di yRyz.v.zRyy (1) 
b .#121°37. Dt: Hp. «cRyy.yRyz.d. BR (ary) C R (az) (2) 
b .*121°37. Dt: Hp.a#kyz. cRyy. ID. R (az) C Rey) (8) 
F.(1).(2).(8). Db:. Hp. aRyy.acRyz.9: 


ΚΕ (φωνάς R(aHz).v.R(anz)CR(aHy) (4) 

b.*121-23., Ihin(aRyy).d.R(eHy)=A. 
[*24-12] 2. BR (aHy) CR (ez) (5) 
F. (5) ἊΣ Dh in(aRyz). Dd. R (az) C Ray) (6) 
Ε.(4). (8). (6). D+. Prop 

The following series of propositions are concerned with proving *121°47, ze. 

Re(Cls 1) u (1 4 Cls). 3. RB (atHz)  Cls induct. 

The proof for Re1—Cls follows from that for ReCls—>1 by *1211483, 
Confining ourselves, therefore, to 1 ε Cls— 1, we proceed as follows, 


We prove first that, starting from z and going backwards, each new step 
adds only one term (which may not be distinct from all its predecessors) ; 7.2. 
we have 


ReCls1.eRky.yRyz.d. Raz) = te v R(yrz). 
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From this it follows by induction that if R(zHz) is an inductive class, so 18 
R (az). Thus we only have to prove that R(zt4z) is an inductive class. 
Here we must distinguish two cases, according as ~(zR,,z) or zR,.z. In the 
former case, we have 

qi R(zez).3.R(zHz) = tz, 
whence &(z+4z) is an inductive class, and therefore so is R (az). 


But in the latter case, when 2R,,z, the matter is more difficult. In this 
case, Z is a member of a cycle, the cycle being R(z-z). We have to prove 
that this cycle must be an inductive class. Given #Ryz, # will be a member 


of this cycle if «R,,#, and may be at the end of the tail of a Q, if ~(#R,,@). 
(Cf. #96.) 


By *96°453, we know that R is 1~»1 when confined to R(zHz). Hence 


in R(ziz), z has a unique predecessor, say a. Assume a+z. We then 

imagine a barrier placed between a@ and z, 2,6. we construct a relation S which 

is to hold between any two consecutive members of R (2 2) except a and z. 

Putting a= R (zHz)— ta, we have S=a1R. Then the relation 8S generates 

an open series consisting of all the terms of R(zHz); 1.e. we have 
~(a8,,@).S (zea) = R(zH 2). 

Hence, by our previous case, since S(zH@) is an inductive class, so is R (zz). 


If a=z, then by *96°33 the cycle reduces to the single term z, and there- 
fore R(z+4z) is still an inductive class. 


Hence καὶ (z+1z), and therefore R (#42), is always an inductive class when 
ReCls—+1, which was to be proved. 


*121-4. Ε: ReClsol.aRy.yRyz.3.R(eHz)=t'aeu R(yHz) 


Dem. 
F.*90311.3b::Hp.d:.cRyw.s:c=w.v.aR| Ryw: 
[*71-‘701.Hp] =!o=w.v.yhgw (1) 
b.x90172. 3b: Hp. dic=w.d.wRyz (2) 


F.(1).(2).DFs: Hp. 9 τῳ cRyw.wRyz.s:2sw.v.yRyw.wRyz (8) 
b . (8). #121103 .5+. Prop 
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#12141. +: ReCls—1. R(zHz) ε Clsinduct.>. R (viz) ε Cls induct 
Dem. 
F.#121-4. #120251. 90172 .5+:.Hp.9: 
yRyz. R(yrHz)eCls induct. Ry.3.2Ryz.R(arz)eClsinduct (1) 


(1) 8901125 Dt: Hp.wky2.D.H(ariz)e Cls induct (2) 
Εν. Ἀ12128. #120212. Db rn(a@Ryz). 3. Καὶ (Hz) ε Cls induct (8) 


Ε. (2). (3). Jb. Prop 


In virtue of this proposition, we have only to prove R (2:12) ε Cls induct, 
This is obvious when ~(2R,,2), for then either R (zz) = e's or R(zeaz)=A. 
But when Ποῦ, it is more difficult. 


#12142, +: ReClso1.~(2R, 2). 9. BR (ez) ε Cls induct 

Dem. 
+. #121303, Transp . Κ1 20.441. 9 ΕΣ: ῊΗΡ. 32. ΝΟ (μι )ς 1. 
[*120°48] 9. Ne‘ BR (zHz)e NC induct. 
[*120°211] 2. R(zr4z) ε Cls induct (1) 
F.(1). #12141 .9+. Prop 


vs & 
#12143. +: ReCls1.2R,2.5. Bie (Rien Ry fz) 
Dem. 
b. #9152. Dk: Hp.d. (qa). zhya.aRz (1) 
«-- 
+.*964538.5+:Hp.3.(Ryfz)1 Rell. 
[#7 1-122] D.a(zRya.aRzyelvifA (2) 
F.(1).(2). Db: Hp.3.a(zRya.aRz)el. 
v— «- 

[6216] D.Ele( Ren Ryfz): I+. Prop 


| “ -- ς«- ε«ς- 
Ἀ121.481. ΚΕ: ReCls—1.2R,2.a=t( Ren Ry‘z).a= Ry -- Ua. 
S=a]1R.3.~(a8,,0) 


Dem. 
+. #35'61.3+: Hp. d.anve D'S. 
[*91-504] Dave D'S, - 
[*33°14] 2. .~(aS8,oa) : DF. Prop 


#121°432. + : Hp #121431 .9.S (za) ε Cls induct 
Dem, 
+ .#71:261.5':Hp.3d.SeClhs 1 (1) 
b.(1).#121°431°42.95¢+. Prop 
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¢ 


— 
#121433. + : Hp *121-4381.24+a.9.8(zHa)= Ry’ = R(zH2z) 


Dem. 
r. xOG11. Dt:.Hp.d:2yw.d.z2Ryw (1) 
+. #513. #91'504.3b:.Hp.dizea.zeD‘R: 
[3861] D:zeD‘S: 
[*90°12] 5: 2Syz (2) 
b.(1).#9016. Dh: Hp.d:.zSyw.wRy.Id:weavifa.wRy: 
[*35'1} Da: wSy.v.w=a why: 
[Hp.*71:171] DI: wSy.Vv.y=2: 
(*90°16°17.(2)] 2: 2S yy (3) 
b.(2).(3). #90112. 5b: Hp. dizRyw.D.2zSywt (4) 
[Hp] D: zSya (5) 
ΙΓ 171. D+: Hp.aky.d.y=z (6) 
b .*91°542°504.*38561.3+:. Hp. I: wSya.wt+a.wRky.d.wS,,a. why - 
[92-111] D. yya (7) 
t .(5).(6).(7)- Ib:.Hp.d:wSya.wRy.d. ySya (8) 
b.(5).(8).*90112. Dk: Hp. dizhyy.d. ySya (9) 
Ε.(4). (9). Ib:Hp.d:2hyy. 3. 28yy. ySya (10) 
F.(1)2.(10). Dt: Hp.d: zSyy. ySya.2.zhyy: 
[¥121-108] 1S (era) = Rye 
[*121°38] = R(zHz):. +. Prop 


ee 
#121°434. +: Hp #121431 .2=a.5. Kyfe= R(eH2z) = bz 


Dem. 
b.*8218.I+:Hp.3.2Rz. 


«--- 
[96:38] D. Ryfe =z. (1) 
[*121°38] D.R(eH2)=t'z (2) 


b.(1).(2). 34. Prop 
"121-44. +: ReClso1.2R,,2.3.R (6 - 2) ε Cls induct 


Dem. 
t, *#121°43°432-433 . > 
τ & 
b:Hp.z+0( Rien Ry'z). 3. BR (zez) e Cls induct (1) 
F #121434, #120213. 
vo & 
Ft: Hp.z=i( Ren Ryfz). 3. BR (σι) Cls induct (2) 
F.(1).(2). DF. Prop 
#121441. +: Καὶ ε0|8-- 1. ΖΕ μοῦ. 9. R(aHz) ε Cls induct [Κ121.44.4]} 
ἈἘ121.45. +: ReClso1.>.R (az) ε Clsinduct [12142-4417] 
#12146. +: Rel—+Cls.3.R (φῶτ) ε Cls induct [*121°45-143] 


*12147. +:Re(Cls—1)u(1+Cls).D.R(aHz)eClsinduct [*121-45-46] 
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121. 48 Fk: ReClsy1.35: 


D ΝΟ (ay) « NefR(aHz).=.q!R(aHz)— R(any) 
em, 


Ε. 1219. Γ .. ΗΡ. 9 τὰ ἘΚ (ρει) -- R(aey).= 
Ε («εανὺὴς Κὶ (φεαε). Ray) + ΚΕ (az). 


[*120°7 12145] 5. ΝΘ Ε (σειν) << NefR (tH 2) (1) 
F .*117-222:29. Db: Nef R(aHy) << NefR(aHz).9. 

~{R (az) C Ray) . 
[*24°55 | D.q! R(@Hz)- R(aHy) (2) 


b.(1). (2). 9+. Prop 


#121481. b:. Re Cls1.3:Ne'R (ayy)  Ne‘R(a1Hz).= 


Ri(aHy) C R(aHz) 
Dem. 


+. *121-45 . 120441 .9 
b:.Hp.3:NefR (wy) <= ΝΟ (az). 
[Κ121.48] aw Ql R(@Hy)— Καὶ (ων 2}. 
[2455] Ray) C R(aH7z):. 3+. Prop 

The above proposition is used in the proof of *122°35, which is an im- 
portant proposition in the theory of progressions. 


~ {Nef R (Hz) << NefR(aHy)}. 


The following propositions are concerned with the identification of such 
relations as P, with powers of P in the sense of *91. 


#1215. +:Pe(Cllj)u(1>Cls).P,,¢J.9. 


finid‘P = Potid‘P . fin‘P = Pot‘P 
Dem. 


+. *121°30231.3+:Hp.d.P,=IPCP.P=P (1) 
F. (1). *121°332:333-'352.5+: Ap.veNCinduct.3:P,,,.=P,|P: (2) 
[*91:341] D: Pye Potid‘P.3.Pi4.¢ Potid’P: Pe Pot*P.3.P,4,,¢Pot*P (3) 
b.(1).#9135.5+:Hp.3.P,¢ Potid’P. P, ε Pot‘P (4) 
Ε. (8). (4). κ12018.47.2 τ. Hp. 3d:veNCinduct.3.P,«¢ Potid‘P: 

ve NC induct —1°0.3.P,¢ Pot‘P: 


(#121:12°121] 5: finid‘P C Potid‘P.fin‘PC PotfP (8) 
b .(2).#121:121.3+:. Hp. 3: veNCindnct.5.P,! Pefin‘P: 

[¥121-12] >: Qefinid'P.>.Q!Pefin'P: 

((1).#91-17-171] 9: Potid‘P C finid‘P . Pot‘P C fin‘P (6) 


+ .(5).(6)- I+. Prop 


#121501. +: Pe(Cls1)u(1>Cls). P,, GU. qiP.o. 
Pot*P = finid‘P — t*P,=fin'P 
Dem. 
+. #121302. >+:Hp.3.qiP, (1) 
Εν. (1). #1215327... Prop 
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#121502. Ε : Pe(Cls—> ) ιν + Cls).P,,€/.5. 
$(finid‘P ~ u*P,) = P,. = sfin‘P 
Dem. 
Εν. #91504. #3324. #1215.92+:P=A.3.8(finid'P-—1°P,) =A=P,, (1) 


F. (1). #1215015. D+. Prop 
#12151. +: Pe(Cls—>1)¥(1>Cls). P,, €J.5.P, = P*. Py= P*. ete. 
Dem. 


F.*12131. >+:Hp.>.P,=P (1) 
EF. #121°332°333 . Dt: Hp.5.P,=P,!P, 
[(1)] =P (2) 
+ . #121-332'333'352.>+:Hp.>.P,=P,|P, 
[(1).(2)] = P3 (3) 


Ε. (8). (3). εἴα. 2 ΕἸ Prop 


412152 ΕΤΡ ε(ΟΙβ-- 1ὴ)ν (1 -- ΟἸ8). Ῥω GJ. 2. sfinid’P = Py 
[121-5 . ¥91-55] 


We shall at a later stage (*801) give a general definition of νυ, When 
this definition has been introduced, we shall be able to prove, with the 
hypothesis of «121-51, 

ve NC induct. 2. P, =P". 
The definition of P’ is postponed on account of various complications which 
render a general definition of P” difficult. The chief difficulty arises when 
miPaTZ. Thus suppose we have yPy; we shall also have yP?y, yP*y, ete. 
Hence if we have «Py, we have 
.ve NC induct — 1{0.9,.@P’y. 
Again, suppose this case excluded, but suppose 
(qu, y)» pe NC induct .ye P (Hz). yPHy. 
Then we shall have 
ve NC induct — ει —1'A 1D. y Peery, 
Thus the general definition of Pv has to be complicated, except when P,, € J. 


The following propositions are concerned with the series of relations P, 
and the series of terms vp. The relation P, holds between two terms (roughly 
speaking) when it requires v steps to get from the first to the second; the 
term vp is the vth term starting from B“P, which, when it exists, is lp. In 
order that yp should exist, it is necessary that B‘P should exist, and that 
there should be just one term a in the field of P such that the interval from 
BP to x (both included) consists of » terms. When this is the case for all 
inductive cardinals from 1 te ν, we can say that P generates a series starting 
from B*P and having at least ν terms, each correlated with one of the cardinals 
in the interval from 1 to v, both included; ie. the series has a wth term, 
whenever 1S με ν. If this holds for all inductive values of ν, the family of 
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B‘P is a progression*. (It will be observed that all such terms as vp belong 
to the family of B‘P, which need not form the whole field of P.) 


41216. bt. 40.3. f (op). =. f [Ὁ {Ne“P (BYPry) =0}] 
Dem. 
b. #12111. ¥120-414-416. +: Hp.>: 


fg {Ne'P (BPy) =»}].= +f (U9 (BP) P,y}]- 
[#12113] =.f(vp): D+. Prop 


¥121°601. F: E! BSP... BSP=1p.~{(BP) P,, (BYP)} 
Dem. 
Εν #91504. #93'1. D+ .~{( BSP) P,, (BYP)} - (1) 
[4121-301] Dt:EIBP.3:(BP) Py. =. ΒΡ εν: 
[481-17] >: BP = PSB YP: 
[#1 21-13] >: B‘P=1) (2) 


b.(1).(2).9F. Prop 


4121-602. Ε: ΕἸ ΒΡ. Pel 1.2. ΡΕΒΙΡ = ἃ, 

Dem. 
+. #121-306-601. ΞΕ: Hp. 2. P(B‘PHP*BSP) 2 (1) 
Εν #121-23'601. 2 Ε τὸ Hp. Ds. (BYP) P.y.d« BYP, ye P(BYPray). BP+y3. 
[#54°58.4121-308] Dz. P(BePry)e2.9: P(BiPry)=U BP vty. (BP) Poy: 


*92-111 3:(P‘BP) Pyy. P(BSPHy)=U BP vy: 
ἈΦ ) 

[Κ121108.601] 3: P°BiP et BP vty. ΡΒΡΈΕΒ'Ρ: 

[*51:232] I: y=P‘BP (2) 


Ε. (1). (2).#121-6. D4. Prop 


*12161. +:Pel—+Cls.P,,€J.ces‘gen‘P.3. 

. (qa, v)-aBP.veNC induct .aP,z 
Dem. 

b.*93'36. Dbt:.Pel—Cls.ves‘gen‘P.3.(qa).aBP.aPye (1) 

b. #12152. 9. Ὲ τι Pel—Cls.P,,G€J.3:aPye.=.a(sfinid’P)x (2) 

Ε. (1). (2). DF: Hp.3.(qa).aBP.a (ξΕ14“Ρὴ.. 

[¥121-12] D.(qa,v).aBP.veNCinduct.aP,2: 3+. Prop 


#12162. +: PeClso1.P,,CJ.(BYP)Pyc.d. 
(qv).ve NC induct —t'0.2= vp 


Dem. 
b. #12152. 5h: Hp. 3. (BP) (sfinid’P) a. 
[*121-12] >.(qv).ve NC induct .( BYP) Pix (1) 


* Of. +122, below. 
R&W Il 16 
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F. ¥121341.59+:Hp.veNCinduct.9.P,eCls1 (2) 
b.(1).(2). Dk:Hp.d.(qv).veNCinduct.c= ΒΡ. 
[*121:13] >.(qv).veNCinduct.c2=(v+,1)p. 
[*120°471] 2. (qu). we NC induct — 10. 2=up:D+. Prop 
#12163. F:E!vp.D.N,cSP(BSPHpp) =v 
Dem. 
+. *121:13-'131.5+:Hp.3.(B°P) Py_.. vp. 
[#121711] Dd. Ny,c*P (ΒΡεινρ) = vi D+. Prop 


*121'631. f:. PeCls1.P, CJ. ve NC induct — 20.39: 


ΝΡ (BSPHy)=v.=.y=vp.=. (BP) Pay 
Dem. 
b. #120°414°416 .#121-11.5 


b:.Hp.3:N,cfP(BSPHy) =v. =.(BYP) Pay. (1) 
[¥121°341] =,y=P,_ BP. 

[¥121-13] =.y=pp (2) 
b.(1).(2). D5. Prop 


*121°632-633 are required for proving *121°634. 


*121632. |: PeCls—1.P,,€ J ove NCinduct—10.y=vp.yPz.3.2=(vt+el)p 
Dem. 
F.x12013.3+:Hp.3.( BP) Pay. yPz. 
[#121-333°352] >. (BP) P,z. 
[¥1 21-631] 5. 2 τιν Ἐς 1)ρ: dt. Prop 
#121633. Ε:Ρ 0 ]Β- 1. ΡΞ ἢν ΝΟ induct —tO.vpeD‘P.9. 
E! (p+, 1)»- (ν Ἐς 1)ρ = P*vp 
[*121°632] 
*121°634. +:.PeCls—1.P,, EJ .veNC induct — 10.3: vpeD'P.=.E'(vt,l)p 
[¥121:633°631°333-352] 
*121°635. Ε: PeCls31.P,,€ J. Elvp.3.ve NC induct -- Ὁ 
Dem. 


b. #121:63-45.5+:Hp.d.re NC induct (1) 
be#l2113. Dk: Elyp.d.q! Py»: 

[#121272] D.(v-,1)+,1>0. 

[#120416] ιν» (2) 


F.(1).(2). 94+. Prop 
#121636. Ε: PeCls1.P,,€ J.B! up. ~E!(v+,1)p.9. 


«- «- 
ῬΡμΒ.Ρ-Ρ(Β'Ριινρ). ΝΡ BYP = p 
Dem. 
F .*121635.3+: Hp.>.ve NC induct —10. (1) 
[*121-634.Hp] >. vpreD‘P (2) 
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F.(1). #12163. It: Hp.d:iq!P(BPH»pp):. 


[*121:23] D:.(B°P) Pyvp: 
[*96°302.%91°542 | D:. (BYP) Pyz.D:2Pyvp.V.vpPy 2 (8) 
Γ. (2). (3). #91504. 5Ὲ -. Hp. 3: (BYP) Pyz. D. 2Pyvp: 
[4°71] >:(B°P) Pyz. =. (BP) Pyz.zPyvp: 
[*121-103] > Py BP = ΡΞ Ρεινρ): (4) 
{*121-63] Ὁ: Nye! Pf BEP =p (5) 
F.(4).(5). 2+. Prop 
#121637. Ε: Elvp. Dd. νρε( 

Dem. 


b 121-13. 414-98. DE: El yp. =-vp=P,_. BP. 
[*121:322] -vpeO*P; Dt. Prop 


*121°638. Ε -. E!(v+,1)p.3:(BYP) Pie. = .2#=(v +, 1)» τ(ν Ἐς 1) τ lv 
Dem. 


Wil 


ἔν #12113. Db: Et(vpt,1)p.=. EB! Posy BP . (1) 
[*121-272] D.(v+,1)—p 10. 

[#1421] 2.E!v+,1)-,1. 
[*14:22.(*120°411)] D.(v4+,1)-,l=» (2) 
t.(2).3b:.Hp.3:(BP) Pie. =. (BP) Posts 
[(1).*380°4] =.0=Py,,y—' BP. 
[121-13] =.0=(v+,1)p (3) 
t .(3).(2). 3+. Prop 


#12164. +:PeClso1.P,,€J.ve NC induct—10. No*Py!B‘P Sv.d.Elyp 
Dem. 

Εν 4121-636. D:. Hp. Elop.DiwE!(vt¢l)p. d+ NeciPyBP =v () 

Εν #120428. Db:veNC induct. qiv+,1.3.v+,1 >». 


[¥*117-281] I.v(vev 1) (2) 
b.xlI715. Dhragiv+,1.3.0(»oBv4_l) (3) 
b.(2).(3)- Dk:ve NC induct. 9. «οἷν Sv 451) (4) 


F.(1).(4). Dh: Hp. ΕἸνρ.2: ε. 
WE! (p45 lp D1 (Ne Py BP & ν +51): 
[Transp] D>: ΝΡ BP Sv +51 -2.E!(v+,1)p (5) 
Εν (δ) .Β. 1}. #1176. bs. Hp: ΝΟ ΒΡ; vd. Elypid: 
ΝΟ ΒΡ Bev 1 .2.ΕῈ0 401)» (6) 
b.x14-21 ΚΙ21 601. 9 b: ΝΟΡΒΙΡ;Σ1.3.Ε11» (7) 
Ε. (6). (7). *120°473. > 


ς- . ᾿ 
tb: ΉΗΡ.Ξ:ΝΟΡ, ‘BSP >v.>.E!lvp:. +. Prop 
16—2 
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#121641. F:. PeCls 1. P,,€ J. veNC induct — 0.3: 
_— 
NeSP, SBOP > v.=.E! vp 
[*121°64-63:32] 

#12165. $:PeClso1.P,,CJ.p+0. ΕΠ (ut vp. Dd. up P,(uter)p 

Dem. 
+. *121°631°635'64 . *120°452 . Ὁ 

bt:Hp.3.(BOP) Pye - (BYP) Pasa (utev)ps 

[*121'351.*120°424] >. (BSP) P,_.. wp. (BYP) (P,_.1| Py) Ga tyv)e- 
(121-°341.*72°591] D.upPy(utev)p: It. Prop 
#12166. +:PeClso1.P,GJ.NefP(BIPHe) >v. Dd. re OP, 

Dem. 


Εν «121-45 .#12048. Db: Hp.Dd.veNCinduct. 

[*120°429 ] 2. Nef P (BPHe) > vt+,1. 

[*117°31] >. (qu). NefP (BSPHa2) =v4+,14+,h- 
[*121°11] >. (qu). (BYP) Py. 
[*121°351°352] >. (qu). (BYP) (P,| Py) a. 

[*34°36] ».veQSP,: D+. Prop 


The following proposition is used in *122°38°381. 


> > 
#1217. +:Relwl.aBR αἴ. 2. Ryfe= Rane). Rye ¢ Cls induct 


Dem. 
+. #9625. 3+: Hp. diykyr. dD. aRyy: 


[3411] 5) ἔμ ΞΕ ρα: 
(*121-103] Ὁ: ὦ = R(aHz) (1) 


Ε. (1). 4121-45. 9+. Prop 


4» 
Ἀ12171. +i ΕἸ --Ὁ}δια εβ ρον. (ἢ ψ}).}} εχ ΕΟ 32. 
- 


Κίς ε Cls induct 
Dem. 


> 
Γ. #1217 .*93:36. 3+: Relwl.wves‘gen’R.D. Ry‘eeClsinduct (1) 
.« 
F.xO8755 111. Db: Εἰ ΕἸ - Ὁ } τῷ }). 2} 8 μα ΠΕ, 9: 
. «- 
ye Rye. ἢν «Πρ τας Ryka: 


{*10°26] 2:2R, 2: 
- 
[*121:381] 2: Ry’c= (αν): 
-- 
[#1 21°45] 9: Ry‘a ¢ Cls induct (2) 
b.(1).(2). 3+. Prop 


- 2 
#12172. |: Rel—1.Ry‘a~e Cle induct... xe p'A“Pot'R. Rt Rye 
[¥121-71 . Transp . *93°271 . #120212 . 50°24] 


*122. PROGRESSIONS 


Summary of #122. 


By a “ progression” we mean a series which is like the series of the inductive 
cardinals in order of magnitude (assuming that all inductive cardinals exist), 
1.€. & series whose terms can be called 


Te, 2p, Bp vee ΜῈ very 

where every term of the series is correlated with some inductive cardinal, and 
every inductive cardinal is correlated with some term of the series. Such 
series belong to the relation-number (cf. #152 and *263) which Cantor calls a. 
Their generating relation may be taken to be the transitive relation of earlier 
and later, or the one-one relation of immediate predecessor to immediate 
successor. We shall reserve the notation ὦ for the transite generating 
relations of progressions; for the present, we are concerned with the one-one 
relations which generate progressions. The class of these relations we shall 
call “Prog.” 


It is not convenient to define a progression as a series which is ordinally 
similar to that of the inductive cardinals, both because this definition only 
applies if we assume the axiom of infinity, and because we have in any case 
to show that (assuming the axiom of infinity) the series of inductive cardinals 
has certain properties, which can be used to afford a direct definition of pro- 
gressions. The existence of progressions, however, is only obtainable by means 
of the axiom of infinity, and is then most easily obtained from the fact that 
the inductive cardinals form a progression. We shall not consider the existence- 
theorem until the next number (123). 


From this number onwards convention Infin 7' of the}Prefatory Statement 
is used when relevant. 


The characteristics of the generating relation R of a progression, which 
we employ in the definition, are the following: 

(1) Z is a one-one relation; 

(2) there is a first term, we. E! BR; 

(3) the whole field is contained in the posterity of the first term, 7. 


4{-- 
ΟΕ ΞΕ. (ΤΕ this failed, ΟἿ would consist of two or more distinct 
families, of which, since we have E! B‘R, all but one would have to be cyclic 
families or infinite families with neither beginning nor end.) 


(4) every term of the field has a successor, 1.6, the series is endless. 
This is secured by U‘RCD‘R, or (what is equivalent) C'R = D‘R. 
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These four properties suffice to define the one-one generating relations of 
progressions. It will be observed that (2), (3) and (4) are all secured by 


, 
D‘R= Ry BR. 


This secures E! B‘R, by *14:21; it secures T'RCD‘R, by «37-25 and 
*90°168; hence, by *83°181, D‘R = CR, and therefore 


OR= Ry BR. 
Hence our definition of progressions 1s 
Prog =(1—>1)n R(D‘R= RyB‘R) Df. 
Instead of stating in the definition that ἐδ is to be a one-one relation, it 


«- 

is sufficient to put Re Cls—1.R,, GJ, which, with D‘R= Ry‘B‘R, implies 
Rel-—+1,and may be substituted for Re 1— 1 without altering the force of 
the definition (*122°17). 


In the present number we shall prove, among other propositions, that 
every existent class contained in a progression has a first term (#122°23), we. 
that progressions are well-ordered series; that in a progression Προ 
(*122°16), which makes the propositions of *121 available; that if v is any 
inductive cardinal other than 0, vz exists (*#122°33), 1.6. the series has a vth 
term; that any class contained in D‘R and having a last term is an inductive 
class (#122°43), and that any class contained in D‘R and not having a last 
term is itself the domain of a progression (*122°45), so that every class con- 
tained in D‘f is either inductive or the domain of a progression (*122°46); 
that if P is a many-one, and «a member of its domain, and if the descendants 
of « have no last term and are none of them descendants of themselves, then 
P arranges these descendants in a progression (*122°51); and that the same 
holds if P is a one-one and ~(a#Px) (*122°52); and that if Pel—1 and « 


belongs to one of the generations of P, but not to one of the generations of P, 
then P arranges the whole family of # in a progression (#122'54). 


The following general observations on the families of one-one relations 
may serve to elucidate the bearing of the propositions of this section. 


Given any relation P, we call Pele, 0.6. Ῥω υ Pye, the family of a If 
P isa one-one, this family may be of four different kinds. (1) It may be a 
closed series, like the angles of a polygon. This occurs if xP,,2. In this case 
the family forms an inductive class. (2) It may be an open series with a 
beginning and an end; this occurs if 


. 4} aed 
~(@P,,¢). Et minp’ ΒΕ’. El maxp’ Pye. 


In this case also the family forms an inductive class. (8) It may be an 
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open series with a beginning and no end, or an end and no beginning. This 
occurs if 


. 4) . 
~(«P,, 0). E! ταί» κί .~ Hl maxp' Py‘a, 
; _ & ε» 
or if ~(@P ot). +E! minp’ Pye . Εἰ Τ maxp' Pye, 


In this case, the series is of the type ὦ or Cnv‘‘w, and is non-inductive and 
reflexive. (4) The series may be open and have neither beginning nor end. 
This occurs if 


=. ag 
~(@P) eH! minp! Pye .~E tmaxp {Py “a. 
In this case we get a series whose relation-number is the sum (in the sense 
of #180) of Cnv“‘m and w, which again is non-inductive and reflexive. In all 


four cases, if y and z be any two members of the family of a, the interval 
between y ana z is an inductive class. 


If x isa member of BP, or if the family of 2 contains a member of BP, 
cases (1) and (4) are excluded, since the series has a beginning. In this case 
the number of predecessors of any term is an inductive number. It will be 
observed that every family is either wholly contained in s‘gen‘P or wholly 
contained in p‘A“‘Pot‘P; families of kinds (2) and (3) (excluding, in (2), 
those which have an end but no beginning) are contained in s‘gen‘P, while 
families of kinds (1) and (4), and those of (2) which have an end but no 
beginning, are contained in p‘‘Pot‘P; families containing a member of 


- 
Β΄Ρ are contained in s‘gen‘P, while all others are contained in p‘Q“‘Pot‘P. 


Thus a one-one relation in general gives rise to a number of wholly 
disconnected series, some closed, others open and with or without a beginning 
or anend. The condition that all the series should be open is P,, G J. 


The case of a @-shaped family, considered in *96, cannot arise when 
Pe1-+l, for in a Q-shaped family the term at the junction of the tail and 
the circle has two predecessors, one in the tail and one in the circle, so that 
the relation in question is not 11. It follows that, when Pe 1—+1, if ais 


--- 
a family containing a member of BYP, a} P,, GJ (cf. κ96.28). 


When B‘P exists, there is only one family which has a beginning. In 
this case, ignoring the other families (if any), we call the members of the 
family of B‘P respectively lp, 2p, 3p, .... If the family has v members, 
where ν is an inductive cardinal, its last member will be vp. If on the other 
hand the number of members of the family is not an inductive cardinal, it 
must. be &; in this case, the family forms a progression, whose members are 
lp, 2p, 3p, ..., vp, ..., where vp always exists when v is an inductive cardinal. 


In addition to the propositions already mentioned, the following are 
important: 
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#12221. b:.ReProg.2,yeCR.I:ch,y.v.t=y.viyR« 
(Cf. note to *122°21, below.) 
#12234. Ε:, Re Prog. :veNCinduct—10.=. Et να 
#122341. +: Re Prog. 9. DSR Ξε αὶ {(qv).veNC induct -- Ὁ. α Ξε ναὶ 
In virtue of these two propositions, the terms of a progression are 
lp, 2p, Sr, ere VRy ...} 
where every inductive cardinal occurs. This is the same fact as is usually 
assumed when the terms are represented as 
ὧι, &o, Xs, eee Ly, woos 
-» - 
#12235. Ε: ΕΡτορ.νε ΝΟΙιπαποῦ--εὖ.2. BSR, =R(lpgHvg). ΒΕ εν 
κ199.856. b:q! Proga fe. 2... Infin ax (2) 
#12237. +: ReProg.>.D‘R~eClsinduct . N,cfDSR~e NC induct 


-- 
Κ122.38. Ε: ΠέῬιορ. 9. Rye ε Cls induct 


1.4. the number of terms up to any given point of a progression is inductive. 


A «- 
#12201. Ρτορ Ξ ὶ -Ὁ 1). (0 ΕΞ ΕΒ. Κὴ) DE 
«-- 
#1221. ΕἸΜΒΈΡτορ.Ξ. ε1-Ὁ}1. β π ΒΕ [(Χ129Ὸ1}]} 


«- 
Ἀ122.11. +:.ReProg.=:Relwl. Et }Β RieeD‘'R.=,.c¢ Rhy BR 
Dem. 
F 1221. #14205 .D 


.-- 
bi: ΕΈΡῬτορ .Ξ :. ε1-} : (Πα). Ξ ΒΑΕ. ΘΕ ΞΕ. κα -:. 
[*20°43] =:1Rel—-l .(qa)1a=BR:xeD‘R.=,. 06 Rear. 
, 
[*14-15] = .Relwoli(qa):a=BRiexeDR.=,.c¢ Ry BR: 
& 
[*14°204] =: Relwml. E!BRice DR. =,. ce ἔχ ΒΚ τ: D+. Prop 


«- 
Observe that, by the conventions as to descriptive symbols, D‘R = Ry ‘BSR 
involves the existence of B‘R, whereas ae D‘R.=,. xe Ry‘BR does not, 


«- 
since, if BSR does not exist, we have (#).a~e Ry‘B‘R, and therefore 
(x) .2~e D‘R will satisfy the equivalence, ie. A will satisfy the equivalence 
although it has no first term. This is the reason why E! B‘R appears 
explicitly in *122'11, though it was only implicit in *122-1. 

*12212. bi: Re Prog.=:.Relvol. E! BR: ce DR. =: 
BRea.R“aCa.Dda-vea [*122°11. 901] 
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412214. ΕἸ ReProg.>. 2, (BR=O'R 
Dem. 
Εν. #1221. 487-25, 9: Ηρ.9. 6. -- ReRy BR 
[*91°52] = R, ‘BSR: D+. Prop 
4122-141, Ε: Re Prog. d.CRCD'R.CR=D'R 
Dem. 
b. 41291. 43725. Db: Hp. >.d‘R= RR, BR. 
[*90'163] >. URCR SBR. 
[4122-1.433-181] >.CRCD‘R.OR=D‘R Db. Prop 
4122142. +: ReProg. Pe Pot(R.>.D‘P=D‘R [#1 29-141. 49214] 


Ἀ122148. +: Re Prog. Pe Pot'R.3.G'PCD‘P [%122°142'141 . *91-271] 


412215. ΕἸ Re Prog. >. R=(RyBYR)1 B= Rb (Reg BR) = RN (Rg BR) 
Dem. 
Εν. #129-1 . #3563. 2+: Hp.d. R= (By BR) B 
[496-2] =R (Ry. BR) 
[κθ6.21] = Rf (Ry! BR): >. Prop 


#122151. +: ReProg.3. Ry = (Ry! BR) Ry = Ryt (Ry BB) 
[*35°63°66 . κθ0014. #122:141°1] 


ς- 
4122'152. Ε: Re Prog. D« Roy = (Ry! BYR) | Boo = Root (Ryo BR) 
ς- 
= Rf (Ryf BSR) 
[435°63-66 . 91-504 . #121-1-14] 
412216, Ε: ReProg.>.R, GJ [*96-23 . *122152] 


This proposition enables us to apply to progressions all the propositions 
of *121 in which we have as hypothesis 


ReCls1.R,, EJ, or Rel Cls. BR, Εὖ. 


«- 
#12217. +:ReProg.=.ReCls91.R, CJ. DSR= Ry SBIR 
Dem. 
«- «- 
Εν 43563. DE: D R= Ry BR.D. ΕΞ (Ry BR)] PR (1) 
— .«- 
Εν αθ6.458.2Ε: Β 015-91 (Ry! BR) | Ry ES. D« (Ry B‘R)] Re 1-91 (2) 
b.(1).(2).#1291. +: D‘R= Ry BR. Re Cls—91.B, GJ. >. ReProg (8) 
t.(3).#122116.5+. Prop 
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To illustrate this proposition, consider its application to the inductive 
cardinals arranged in order of magnitude; 1.6. take as a value of F the relation 


ἂν (we NC induct .v=p+,1). 
We then have ReCls—31.0= BSR; also 
NC induct = D‘R = Ry BR. 
We have also 
qivt l.wt+,l=v+,1.9.p=», 


so that RF (—uA)e 1 Cls. 
Again 
BR ov» =.(qa).aeNC induct —0.v=p4+, a, 
whence PRY «Ble. μεν, 
1.8. (—t'A)1 RB, Ed. 
But we do not get Re 1 Cls or R,, GJ unless we have 
A~e NC induct, 


which is the axiom of infinity. If this condition fails, we reach at last an 
inductive cardinal which = A, and we have 


A=A4,1, 
so that A has two immediate predecessors, namely itself and the last existent 
cardinal, The posterity of 0, in this case, is a Q in which the circle has 
narrowed to a single term, namely A. 
Thus we need the axiom of infinity in order to prove 
ὡν(με NC induct . vy = p+, 1) Prog. 
#1222. :.ReProg.ayeOR.Diakyy.v.yRyc [*96°302.*122-1:141] 


#12221. Ετ Re Prog. 2, yeCR.diahy yy. V.c=y.V. YR @ 
[*96°303 . *122°1:141] 
This proposition, together with #12216 and «91-56, shows that if Re Prog, 
R,, has the three properties by which transitive serial relations are defined 
(cf. *204), namely it is (1) transitive, (2) contained in diversity, (3) connected, 
4.6, such that it relates any two distinct members of its field. We shall ata 
later stage define the ordinal number ὦ as the class of such relations as R,,, 
where Re Prog. 


*122°22. b:ReProg.aCD‘R.a,yea—Rya.d.a=y 


Dem. 
F.*12221.3+:Hp.d:2R,,y.v.c=y.Veyhio@ (1) 
b.x87105. Db swea.aRyoy- Dye Ryka: 
[Transp] 9) brwea.yre Rta. D.~ (Ry) (2) 
F.(2). It: Hp. Dd. (Προ) «~(yRpo®) (3) 


t.(1).(3). 34. Prop 
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#12223, +: ReProg.aCD‘R.qia.d. 


E! min(R,,.)‘a.a— R, fa = Umin (f,,)§a 


Dem. 
—> 
t. *96'52. It: Hp.d.q!min(#,,)a (1) 
v : 
F.#93-111 .*122-22.3+:.Hp.d:2,yemin(R,,)a.Ipyv=y (2) 


Ε. (1). (2). #32°4. #98°111. Ε. Prop 


This proposition shows that every existent class contained in a progression 
has a first term, 1.6, that a progression is a well-ordered series (cf. #250). 


122-231. Ε: ReProg.aC Rya.2.a=A 


Dem. 
ἔν 91.504. 9: ΗΡ.9 ας (ΧΕ (1) 
> 
Εν 9811. Dt: Hp.d.~.E! min (R,,)a (2) 


F. (1). (2). *122°23:141 . Transp. D+. Prop 


y => 
#12224. +: ReProg. Pe Pot‘R.D. DSP = Py BSP = s‘gen'P 


Dem. 
b .*122'1.#92102. D+: Hp.3d.Pel—ol. 
[*93-42] D . pA" Pot’P = Pp “Pot'P . 
[91-581] >. pC" Pot!P C Ryo pCPot*!P. 
[4122-231] > .p'IPot!P =A (1) 
b.(1).493°37°36. Dt: Hp.d.O'P= Py“ BP =s'gen’P (2) 


Ε. (2).#122'143 9 ΕὩ Prop 
—_—> 
Except when P=, ΒΡ will not reduce to a single term. In fact, if 
-- -- 
P= Rh,, ΒΡ: ΚΑΙ με ιν) ze. BYP consists of the first ν terms of the progression. 


#*122:25. +: ReProg.PePot‘R.reD‘R.D. 
= -ς- 
(Py‘2) | ΡΈῬτορ. ὦ - Β(.,.4}1.}}- 


Dem. 

Εν #1221 492-102. DF: Hp. >. (Py‘n)1 Pell (1) 
Εν «122-143. Db: Hp.d Pye DP. 

[435-62] >. D{(Pyia){P}=Pyfe (ἢ) 
Εν a8T4. 49152. Db. {(Py'n)4 Pj = P, oe (8) 
b.12216.4916. Dh: Hp. Dave Piola (4) 
Ε.Ἀ91 642. Dhiye Pye y#a.d.ye Poe (5) 
Ε. (2).(3).(4).(5). D+: Hp.d.¢= BY (Pye) 4 P} (6) 
Εν (1). (2). (6). #96131 . DF. Prop 
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The above proposition shows that what we may call an “arithmetical 
progression” in a progression is a progression, 1.6, if, starting from any term 
of a progression, we take every other term, or every third term, or every vth 
term, we still have a progression. 


#12226. +:ReProg.aCR,“a.qia.d.D‘R= KH, “a 


Dem. 
t.*22°1. Di. Hp.3:B Read. BRe Ra (1) 
Εν 491-542 .4%12211.3+:.Hp. BRrea. di: yeanD‘R.D,. (BR) μὸν: 
(*91°504:%37'15] I: yea.d,. (BRR oY? 
[¥10°55.Hp] ai(qy)- yea. (BR) Ry: 
[*37°1] >: BYRe Ba (2) 
t.(1).(2). 3+: Hp.d.B Re Ra (3) 
b.x92111. 3+: Hp.d:veR,“a.cRy.d.ye Ry a. 
[*91°545] Da.yeaukR,,“a. 
[Hp] Dye Raga (4) 
F.(3).(4).#90112. 3+: Hp.3:(BR)Ryy. Dd. ye h,,'a (5) 


Εν. (5). #1221. 3+. Prop 


The above proposition shows that if an existent class contained in a 
progression has no maximum, then any assigned member of the progression 
is succeeded by members of the class. 


The following proposition states that if a has members belonging to a 
progression, and there are members of the progression which do not precede 
any member of a, then there is in the progression a last member of a. 


*122-27. b:ReProg.q!D‘R-R,,“a.qlanD'R.). 
Ki! max (f#,,)'a. qian DR — f,,‘‘a 


Dem. 
Ε. 122,26. Transp .*37'265. Ib: Hp.d.qlanCR— R,,“a (1) 
Εν *122-21 . I+: Hp.ayeanCR—R,,“a.d.¢=y (2) 


Εν. (1). (2). #98115 . #122141. +. Prop 


- 
Ἀ122.28, +: Re Prog.aC Ry‘a.q!a.>.E! max (R,,)‘a.qlan D'R—R,,"a 
Dem. 


Εν. #90183 .*122141.3+:Hp.d.aCD‘R (1) 
Εν Ἀ9014. #122141. Dk: Hp.d.ceD‘R. 

[¥71-161.*122-16] >. Rirwe Ra. 

[122-1] 5.4} .Ε-- Προ α (2) 


Ε.(1). (2). #12227. 3+. Prop 
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#1223. +: Re Prog. >.D‘R=2 ((qv).» NC induct . (B‘R) R,a} 
[x1 21°52. #122°1-16] 


#12231. +: Re Prog. ve NCinduct-—20.9.0°R,=9 {(Ne‘R(B'Rey) > v} 
Dem. 

F.*120°'429.3h:.Hp.3:NeSR(BtRHy) >v.=. Ne R(B Rey) Sy 4,1. 

[Κ117.31] ΞΞ (qe). peNC -NefR(BRey)=n+,v4,1. 
vt+oleteyt,leN,C. 

. (qu). με NCinduct. 

ΝΟ (ΒΒ Roy) =etyvtyleptey+tygleNC. 

[%*121°11°35.%110°43.%100°3] = . (qu) - we NC induct. (B‘R) A, | Ry. 


[%*121:45.%120°452.%110°4] 


[#341] =.(qp, ). με NC induct .(BSR) Ra. oR,y. 
[*122°3] =.(qv).v2eD‘R.ah,y. 

[*121-323] =.(qr).aR,y. 

[*33°131] =.yeCU*R,:. +. Prop 


*122'32. |: Re Prog. ve NCinduct —10.5. 
BR, =D'Ra& ΝΟ Ε (BIR) «ς νἱ 
Dem. 
F #122142 .*121°501. 5): Hp.>.D‘k, = DSR (1) 
+. 412231. 4120442. Db: Hp.d.—C‘R,=8 (Ne‘R(B'RH«) <r} (2) 
b .(1). (2). #98101. . Prop 


*122'33, Ε: Re Prog.ve NC induct —10.3. El py 


Dem. 
F, #121601 . #12211. Dt: Hp.d.Etl, (1) 
Ε. 121 654 05}. κ129.141.2 :. Ηρ. 2: Εν. 9. El (ν Ἐς 1} (2) 


Ε. (1). (2). #120473. 2 Εν Prop 


#122384. Ε- Re Prog. D: ve NC induct — Ὁ. =. Εἰ ἔνε [Κ122.38..121.688] 


#122341. |: Re Prog. >. D'R=2 {(qv). ve NC induct — 40. ὦ = vx} 


Dem. 
F . #122334 . *121°638 . > 


F:Hp.3.D‘R=2 {(qv).ve NC induct. ὦ τὸν +, 1) } 
[*120°471] = αὶ {(qv). ve NC induct — Ὁ. ἃ τὸ vz}: 9+. Prop 


In virtue of *122°34341, all the terms of a progression occur in the series 
1p, 2g, --- PR, ---, and every inductive cardinal except 0 is used in forming 
this series. 
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-: -- 
κ12985. Ε: Re Prog. ve NCinduct --ι(Ὁ. 9. BSR, =R(lgriv,)- ΒΒ, εν 


Dem. 
F . #121°63 . *122'33 . 2} >Hp.>.NefR(BRHvz)=v. (1) 
[Χ122.82] >. ΒΕ, = DR n@ {Nf R(BRH 2) <& ΝΟ (ΒΕ τοῖν} 
{4121-481 ] ΞΕ ἢ (ΒΒ Βειαὴς ΚΑΒ τινι 
[4122°1 121-103] = ἢ ((ΒΚ) Ry wi yRyc. dy. yRyvp} 
[Κ901118. 101] = ῷ [(841Ὁ Ryx. cRyvp} 
[*121°103] = (ΒΒ τινε) (3) 
[Ὲ121.601.Κ12211] = Κα πίνε) (3) 


Ε. (4). (9). (8). IF. Prop 


#12236. Ε:Ή ΓΡτΙορ ἡ ἐπέ, 2. Infin ax (ὦ) 

Dem. 
Εν. 122-35. DE: Re Prog ante. veNCinduct—10.3.q!v(@) (1) 
F.(1).*#10112.3b:. Re Prognt™e.d:veNCinduct.3,.q!v(@): 
[*120-301] > : Infin ax (#):. DF. Prop 


#12237. b:ReProg.>.D‘RveCls induct . NociD‘R~e NC induct 
Dem. 
Εν. ΚΙ 22.95.9 τι Re Prog. D: veNCinduct.5,.q!ClD'R a(v+,1). 


[¥117-22°107] 3, NoD'R > v +1. 
[120-429] >,. Nic Εν. 

[¥*117°42] D>, Nef Εν: 

[¥13°196] ΙΝ, we NC induct (1) 


F.(1).#12021.3+. Prop 
- 
412238. Ε: ΒΕΡτορ. Dd. Ry‘eeClsinduct [121-7 . *90°13 . #120-212] 


4122-381. Ε: Re Prog. ve NC induct ~ 0... Ry‘vn = B (LpHvg) « Ry‘vn ev 
ΡΕΙ21 1. #12235] 

The following series of propositions are concerned in proving that any 
class contained in a progression is inductive if it has a last term, and is a 
progression if it has no last term. [ἡ the latter case, it is supposed arranged 
in the same order as it had in the original progression. A certain complication 
is necessary in order to define its one-one generating relation. If R is the 
generating relation of the original progression, we proceed first to R,,, then 
to R,.[ a, where ἃ is the.class in question; this gives us a transitive generating 
relation for a. Calling this relation P, we then proceed to ἢ + P*, ie. the 
relation of consecutive members of the series generated by P. This relation 
turns out to be one-one, and to arrange a in a progression ; hence our proposition 
is proved. The reason for the necessity of this detour is that consecutive 
members of a may not be consecutive members of the original progression. 
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*122-41, +: Re Prog.aCD‘R.yea—R,“a.3.aCh(BRHy) 
Dem. 


b. #371. #1051. Db: Hp. dizea.2,.~(yRyo2). 
[*122°21} D,- ZRyy (1) 
F.*122-1. Dk: Hp.d:zea.D,. (BIR) Ryz (2) 
F.(1).(2).*121:108. D+. Prop 
*122-42, +: Ke Prog.aC (ΒΚ τιν) yea. dD. y= maxza 
Dem. 
F. #121108. b:.Hp.d:2ea.9,.2hyy- 


[%91-574.41 22°16] D2+~(yByo2) # 
[*37°1.4%10°51] Di: yre Ka: (1) 
[*96°303}] D:zea—Rh,“a.d,.2=y (2) 


Ε. (1). (2). #93115 .D5. Prop 
#122'43. F:ReProg.aCD‘R.qia—h,“a. 9. ae Cls induct 
[*122°41 . *121-45 . 120-481} 

Thus every class which is contained in a progression and has a last term 

is inductive. We have next to prove 
ReProg.aCD‘R.gqta.nwqla—R,“a.3.a¢ D'Prog. 
This is effected in the following propositions. 
#12244. +: Re Prog.aCh,“a.qia.P=R, fa Q=P+P.). 
Qel—+1.QCR,, 

Note. The hypothesis here exceeds what is necessary for the conclusion, 
but is the hypothesis required for *122°45, for which the present and the 
following propositions are lemmas. 


Dem. 
b.*23'43 .*85°442.3+:Hp.d.QCR, (1) 
F. «36713 . Ibi Hp.d:4,y, 2a. GR oy ~YRyo@. Dd. 2P%2: 
[Transp] D:2,y,2€a. aR y .~(aP2z) «Dd .~(yRyo2)! 
[*36'13] D:ePy.~(@P%z). 3 .~(yRyZ): 
[58.417] τον .2Qz 9. .~(yRyo2) «(Zz Ryoy) - 
[*122:21.(1)] D.y=zZ (2) 
Similarly bi.Hp.d:aQ2.yQz.d.2=y (3) 


t.(1).(2).(3). +. Prop 
#122'441. Ε: Hp #12244... D'Q=a 


Dem. 
F.«3741,5D+:Hp.>.D‘QCa (1) 
F.x871. DF:.Hp.divea.d (Hy) - yea tByoy - 
[*36°13] >.qiP. 
«- ὦ & 
f*122:23.%93°11] >.qiPfa— Ryof Phar . 
<_ w 
[*35°442] D.q i Pia—-P“P%&. 
< 
[*37°311.%32°31°35]} 9. 9. (2) 


Ε. (1). (2).*83-4. D+. Prop 
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4122442. +: Hp *122-44.5.P=Q,0 
In proving P G Q,, below, we assume «Pz and consider the maximum of 


«- . a . 
Ryo't 0 Ο,(α, which is shown to exist and be Qz, whence 2Q,,z. 
Dem. 


t.*23'43.3+:Hp.3d.QEP (1) 
f.*#9156.5+:.Hp.d:P?E P: 
[(}} 9: 85ς}.5.δ᾽] ὼς (2) 
Ε. (1). (2). ΚΘΙ 171. Χ41151.9Ἐ :ρ.9 ως (3) 
F.xd613 . ἩΙΣΡῚ OF i Hp. Dra Rless on seagian Baz): 
[Transp.Fact] Pi « =.a,zea.0R,.2.anR(a—zy=A (4) 
«-- 

Εν. Ἀ122.441.2Ἐ:. Ηρ. Pe >: 1 € (Baga 0 ya) 

«- Ἐν 
[Κ122.21] D1! ΠΑ Qy'a — R, o (Et, 2. ‘r)s 

> ~- & 
[*37°461] a: (ay). ye Κροίδ 9 Oya. A, ἐν 0 Bags Ὅμως Ai: 

- - ε" «- 
[90.151] >:(qy). ye ιίσο μία. ΤᾺΝ sty 0 Roo ‘an Qyty=A: 

—_> 
((4)] Ds (ay) + ye Rott n Qyte 


~(qw). we Rly 0 Rete Lan Bog yn Beg ‘w= At 
[*22°43.%91'56] 59. :-(Ὡ γ}}: ye Ryze n Oya: 

~(qw).wea a Roky n ΓᾺ of Za Ἔν δ Rol? n ΓΝ =A: 
[437-461] D: (ay) ye Byte n Oye 

~ Elan By Cyn Role ἢ Roo “an R, να Ro! oe 
(*122-28.Transp] 3:(qy).¥ cB nO! ΓΝ a Root y mn Rog! z= 
[(4)] 9 τ(}).} ἐρμα νῷ: 


[#9152] D: τῷ μοῦ (5) 
F.(8).(5). DF. Prop 


4122-443. Ε: Hp #12244... min(R,,)a= BQ. A Qaan RyoKa 
Dem. 
Εν #91504. #122442. Db: Hp. >.0°Q=a'P 


[κ81.41} =an Ryo a (1) 


b.(1).a122441. Dkr Hp.d.BQ=a—RyoKa (2) 
Ε.(1). (8). #12223. DF. Prop | 


4122-444. Ε: Hp *12244.3.DQ=Q,BQ 


Dem. 
F. 122443 .*«14-21 5. Ε. Hp.d. EI BQ. 
-- 
[κ9018] >. ῷ, Βῳςσῷ. 
«- 
[Ε122"441].4.48] >. Oy! BSG Ca (1) 


+ . #122'443 . *96-303 . > 
F:Hp.vea.c+ BQ.9.(BQ) KR, 2. BQ, cea. 
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[Hp] >. (BQ) Pe. 

[*122-442] >. (BQ) Qrox (2) 
F.(2).491'54.5+: Hp.vea.D.(BQ) Qa (3) 
b.(1).(3). Dk: Hp. Dd. Ot BQ=a 

[1 22°44 ] ᾿ = D‘Q: D+. Prop 


*12245. -:ReProg.aCk“a.qia.P=R,,fa.Q=P+P.5. 
Qe Prog. D‘Q=a [#122:44°444°441] 


This proposition shows that every series extracted from a progression and 
having no last term is a progression. 


*122.46. |: Re Prog.aC D‘R.D.aeCls induct υ D“Prog 
[¥122°43°45 . *120°212] 
This proposition shows that any number less than the number of terms 


in ἃ progression is inductive. This result will be developed in the next 
number (#123). 


#12247. F:. Re Prog.aC D‘R.D:a¢ Clsinduct—ifA.=.qla—FR,,“‘a 
Dem. 
fF. #12245. 5h: Hp.qia.«qla—&,,{a.3.aeD“Prog. 


[#12237] >. awe Cls induct (1) 
F.(1). #12243. 5+. Prop 


#12248. F:ReProg.aC D‘R.aeClsinduct. 9. D‘R ~a~ve Clsinduct 
Dem. 

+. 2071. ΞΕ ΑΓ DR. a, D‘R—ae Clsinduct.>.D‘ReCls induct : 

[Transp] Dk:aCD‘R.ae Clsinduct. D'R~e Clsinduct. 3. 


D‘R—areClsinduct (1) 
F.(1).*122:37.5+. Prop 


#12249. +: Re Prog.aCD‘R. ae Clsinduct. >. D‘R—ae D‘Prog 
[*122-46-48] 


The following propositions are concerned with circumstances under which 
the posterity or the family of a term forms a progression. 


412251, ΕΞ PeCls—>1. [pin =A. ΦΈΡ. Pye CDP. >. (Py'a) 4 Pe Prog 
Here Jp‘x has the meaning defined in *96. 
Dem. 
b.k71-261 .#9613.3+: Hp. Q=(Py‘n)1P.>- . | 
QeCls—l. Qo = (Pie) 1 Poo (1) 
[#96104] : >. Qo ET (2) 
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’ 


«- w 

b.xB8561 874. DE: Hp(1).d.DQ=P,‘e.dQ= POP oa (3) 

_ 
[*91°52] = Piy'x 

« [Π 
((1)] = Gro x 
[(2).κ91.549] _ = Qyie—tie () 

.--- 
Ε.(1)ὴ.8).(. Ξ6ἘΕ:Ηρᾳ)}).9 -DQ= Qya TQ = Qy a — ta. 

«-- 

[χ98101] 5.Βρ-ια Ηρ πο χα (5) 


F (1) «(2)«(5)+9 _ 
F: Hp. Q=(P,‘2)|P. >.QeCls1 0.7. DQ= Oy‘ BQ. 
[*122°17 } >.Qe Prog: D+. Prop 


The following proposition (*122°52) is used in *123°191, *261:4 and 
*264°22. 


«- «- 
412252, b:Pel—+l.ceD*P.~(aP,,2). Pyis CDP .D «(Py ix) 1 P € Prog 


Dem. 
+. *96-492.>+:Hp.d.lpfe=A (1) 
Εν (1). *122'51. Db. Prop 


The remaining propositions (#122°53'54°55) are not used in the sequel. 
«- © 
#12253, |:Pelal.wvestgen’P. Py’cC DIP .5.(P,y‘x)1P Prog 


Dem. 
eo «- 
F.x9721.5+:Hp.d.(qy).yBP. Pyfc=Pxfy . 
o 


, 
[*96°23.*93°1] D.(qy)-ye DP. Pyia=Pyty Ipy=A. 
ς- 2 «- 
[*97-17.*91:504.Hp] D.(qy). ye DSP. Pyf'y CDP. Ip'yaA. ΒΒ,  Ῥχίψ. 
2 
[*122°51| Ὁ. (PSx)1 Pe Prog: D+ . Prop 


#12254. |:Pel—+1.wes‘gen’P — sgen‘P .2. (Py fa) P ¢ Prog 
Dem. 
+ .498-27:272. 2 τ Hp. Dd. westgen'P a pC" Pot!P. 
[*93°381] >. aes‘gen’P Pye cD‘P (1). 
Εν (1). *122'53. >. Prop 


#12255. F:.Pel—w+1.,3:aes'gen‘P— stgen‘P =. (Prin) P « Prog 
Dem. 

F.x3561. DE: Q= (Py rz) {P.3.DQ= Pyfe 0 DP (1) 

Fixd74. Dh Q= (Pyfa) 1 P. 2: 0Q= PeP for 

[97°17 492°111.4%915452] 3: 0 61 - 1.2. ΟΠ Ξ Pye α USP (2) 
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-- «Φ 
Ε. (1). (2).3Ὲ:. Hp. Ηρ().5:1.180.39. τ μία -- OP. 


[Κ9717.κ91. 604] >. qt Pyfo- OP. 

[98.88.21] >. we s‘gen‘P © (3) 
Εν (1)-(2)- Dh: Βρ (8). 3: DQ= CQ. 3. δα Δ DP = Pye. 
[22-621] >. PyfeC DP. 

[497-13] >. Pyfa CDP. 

[¥93-381-275] Ὁ. ewe s‘gen*P (4) 


Ε, (8). (4). #122:11:14154. 5+. Prop 


17—2 


*123. &, 
Summary of *123. 


In this number we are concerned with the arithmetical properties of No, 
the smallest of Cantor's transfinite cardinals. Cantor defines ἔξ as the 
cardinal number of any class which can be put into one-one relation with 
the inductive cardinals. This definition assumes that »+v+,1, when ν is 
an inductive cardinal; in other words, it assumes the axiom of infinity; for 
without this, the inductive cardinals would form a finite series, with a last 
term, namely A. For this reason among others, we do not make similarity 
with the inductive cardinals our definition. We define &, as the class of 
those classes which can be arranged in progressions, t.e, as D‘‘Prog. We then 
have to prove that &, so defined is a cardinal, and that if it is not null, it is 
the number of the inductive numbers. 


For convenience we put for the moment N for the relation of » to w+,1 
when μ is an inductive cardinal. We then easily prove 
«-- 
Ἀ12821.28. |.Ne«Cls—+1.D‘N=NC induct. ΒΝ =0. Ν Ὁ = NC induct 


The only thing further required to prove N e Prog is Nel + Cls, ie. 
u,ve NCinduct.~+,l=v+,1l.3.p=»v. 


By *120°311, this holds if ἢ ἔμ -Ἐς 1, which holds if Infin ax holds, Hence 
*¥123:'25:26. |: Τπῆη ἂχ (ω). 9. ΝῚ ‘ve Prog. NC induct ἡ ἡδίω ε &, 
whence, by *122°36, 
#*123-27. big !&,(2).>. NC induct ὦ Bre &, 


Again it is obvious from *122°34°341 that if Ris a progression, D‘R can 
always be put into 8 1 --» 1 relation to the inductive cardinals (#123°3) since 
D‘R consists of the terms 1,, 22, ...vg,-.-, and all the inductive cardinals are 
used in putting D‘R into this form. Hence 
#12331. b:aeX&,.D.asm NC induct 


whence also 
#123311. F:a,8eN,.>.asm 


It remains to prove that any class similar to the inductive cardinals is an 
N,; this can only be proved by assuming the axiom of infinity. We prove 
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first («123'32) that if R is a progression, and S is a one-one whose converse 
domain is D‘R, then S| R| Sisa progression whose domain is D‘S. Hence 
#123°321. F:aeN,.asmP8.d, Be, 

From this and a, 8e&,.D.asm 5, we obtain 
#123°322. FiaeN).I.X,= Neva 

Hence by our previous results 
Ἀ128.84, |: Infinax(z).3.N,= Ne“(NC induct a tz) 

Also we have, by *123°322 above, 

Ain). d.X NC, 

whence, since A ¢ NC, we obtain at last 
*123'36. +.X,eNC 


As to the existence of δὲ in various types, if Infin ax (x) holds, ze. if, given 
any inductive cardinal ν, there are classes having v terms and composed of 
terms of the same type as #, then NC induct (¢‘) ε δ (x). Thus 


#123'37. |: Infinax (4). 9. ἢ} δὲ (#2). &, (a) e N.C 


The arithmetical properties of &, in regard to addition, multiplication and 
exponentiation by an inductive cardinal are easily proved. We have 


*123'41. F:yveNCinduct.3.&%,=N, 4,7 

#123°421. Ε( ἃς, = δὲ, Ἔρ δ Ξε 2x, % 

#*123°422. Ε:νε NC induct -- Ὁ. 9. νὰ δ =, 

Ἀ12852. Ε.. δὲ, Ξ Ν Χο δ ο Ξε δ ἢ 

Κ128558. Ετνε ΝΟ Ιπαποῦ -- (Ὁ. 3. δὲ τε ᾿ς 
All these propositions are well known. 


The early propositions of the present number are for the most part 
immediate consequences of propositions proved in 5123. 


*123-:01. δὲ = D“‘Prog Df 

#12302. N=f0 {we NCinduct.v=(p+,l)ne%u} Dft. [x123—4] 
*1231. FiaeX,.=.(qh). Re Prog.a=D‘R [*37°1 . (*123°01)] 
#123101. ΕἸ: Re Prog.d.D‘Re®, [*123°1] 


«-- 
4123-11. ΕἸ: Rell. ΒΞ ΒΕ... Ὁ. εἶδ, [#123101 . 1221]! 


--} 
#12312. Εταεδ.2.(ᾳ 8). ΘΚ επα. Εε1-}}. ΘΕ ΟΡ ΚΕ. B Rel 
[Κ1281.Χ1239141}1] 
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#12313. F:ae®,.9.Ne‘a=Nefa+,1 

Dem. 
Εν *123°12 .¥110°32.9 

bt:aeX,.9.(qh). DiR=a.Relol.NI(DR=NCORG, 1. 

[*100°321] >. (qk). D‘SR=a.NeDR=NeiD‘R +, 1. 
[*35°94.4%13'195] >. Ne‘a=Ne‘a+,1:3+. Prop 
#12314. b:aeN,.veNCinduct.3.qivaCl*a [#12235] 
#12315. F:aeN).d.a~e Cls induct [*1 22°37] 
#12316. F:aeN,.>.Cl‘a C Cls induct ν &, [*122°46] 


#12317. bFiaeN®,.8e¢Clsinduct.d.a—BeN, 


Dem. 
+.*120481.3:Hp.d.an@eClsinduct. 
[*122°49] D.a—(anB)yeN: D+. Prop 
#12318. b:q!&,(c). >. Infin ax (x) [Κ1 22.856] 


#12319. Εἰ ReProg.qia.aCkR,“a.Dd.aeX, [#12245] 
, 
4193-191, Ε: Rell. ve D'R.w(aR,oa). Rye CDR. 2. Rye e 


[*122°52] 
«- τ 
ἈἘΠ128.192. Ε: Rell. URCDA.D. RS BRCR, 
Dem. 
—_ 
F.*x93'101. DIk:2¢ BR.D.ce Ὁ ΚΕ (1) 
— 
F. #91504. %93°101. Dhkive BRD. (eR, 2) (2) 
«-- 
Ε.Ἀ0018. DIE: GRCD‘R.D. Ryfe C DIR (3) 


- — 
Ε. (4). (2). (3). #123191. 5h: Hp. Β΄... Ryfoe Qi D+. Prop 
#1232. F:uNv.=.weNCinduct.v=(u+,1l)nt{u [(«123-02)] 


*123:21. +. NeCls—1.D‘N = NC induct. ‘NV = NC induct —10. BSN -0 
Dem. 

+ .#123'2.%13'172. DtipNv.pNa.d.v=sa: ᾿ 

[e7 1-171] I+. NeCls 1 (1) 


Εν. #1232. >+, D‘N =NC induct (2) 
b.*1 23-2. D+. ‘N= {(qp).eNC induct.» = p+, 1} 

[¥120-423] = NC induct — (Ὁ (3) 
Ε. (3). (8). #93101.D+, BN =0 (4) 


b. (1). (2). (3).(4) «DF. Prop 
*123-22, +. N=(4,1)PNCinduct [*123-2] 
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4123-23. +. Ny“0=NC induct = DW 
Dem. 
Εν 4123-22. Db. NyO= B[p [(-+e 1) P NC induct}, 0] 
[4120149621131] = 2[» (NC induct ](+,1),} 0] 
[*120°1} = NC induct, (1) 
Ε. (1). #12321. 3+. Prop 


*123-:24. ΕἼ: Ἰηβη ἂχ ("). 2. ΝῚ βία ε1-} 


Dem. 
F.#120°301:121.3+:: Hp.3:. με NCinduct. d:qi(ut .l)a ia: 
[#120311] I:(ut,l)a@w=v4,1.dJ.p=v: 
[5128'2...71.17] ΌΝΙ βῴ εἸ -- Ο]Β (1) 


Εν. (1). Κ128.21.2 Ε΄ Prop 

#12325. | : [πῆῃ ὃχ (5). 9. Nf θέα ε Prog [*123°21-23°'24 . *122°1] 
#12326. + :Infinax(#).>.NCinductnfee®, [Ἀ128.26.21101] 
*123-27. FiqIN,(v).2.NCinduct nave, [*1 23:26:18] 


*123°3. +: Re Prog. S=20 {ye NC induct. 2=(v+,1)g}.9- 
Selwm1.D‘S=D‘R. 6’ = NC induct 


Dem. 
+ .*120°423. 3+: Hp.d.D‘S=2 (qu). we NC induct — Ὁ. #=yp} 
[#122'341] =D‘R (1) 
Εν 14204, #12234. D+: Hp. >. CS =9 {El (v4, 1)q} 
[122/34] =${v+4,1eNCinduct—0} (2) 
+. #12236 .*«1203. Dt:.Hp.div+,leNCinduct.>d.qiv4,1- 
[120-422] >.» ¢ NC induct (3) 


t.(8).*120°421:121.5+:. Hp. d:v4,1¢ NC induct —v0.=. 
ve NCinduct (4) 


tk. (2).(4). 2+: Hp.d. dS = NC induct (5) 

F.*13172.%7117" D+: Hp.d.Sel1—Cls (6) 

F. #121631. Dt:.Hp.d:a8p.28v.5. 
Ne‘R(BRew)=p+,1.NefR(B Rex) =v4t,1- 

(x13-171] 9. pt l=vt_l (7) 

F. (δ). #12236 .*1203.9t:. Hp. di: aSu.3.qiwtel: 

[*120°41] I: 28p.p+ l=rv4,1.3.4=0: 

((7)] D:28y.aSv.d.=vi 

[e71171] 2:SeCls—1 (8) 


F.(1).(5).(6).(8). DF. Prop 
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#12331. b:aeN,.>.asmNCinduct [*123°3] 
#123311. F:a, BeX,.D.asmP [*123°31 . *73-31:32] 
It is not assumed here that a and β are of the same type. 
#123°312. ΕΣ Re Prog. Sel 1.QS=D‘R. 9. | ᾿ 
ΜΊΕΙΒε1 -,ὦ. 9). 5 -πΞ ) (Ὁ .} 5}. 5.Β.Κ - ΒΕ 8) 


Dem. 
+ #71252. 41221. Dt:Hp.d.S|R|Sel—l (1) 
+ #129141. 487321. 3+:Hp.>.D(R|S)=DR=a5S. (2) 
[437-323] 5. D(S|R|S)=D‘8 (3) 
b. (8). 437-32. +: Hp.>.d(S|R|S)=S8AR (4) 
Ε.(8). ὦ. 5Ε:Ηρ.9. Β(5] Rj 8) =D‘s_—S“aeR 
[437-25.Hp] = 8 DR SHOR 
[71-381] = S“BR 
[#1 22'11.453°31] = SBR (5) 


+.(1).(3).(5)- DF. Prop 


4123318. t: Re Prog. Se1—y1.0‘S=D‘R. P=S8|R|8.>.D‘P= Py BP 
Dem. 
Εν 43436. 4123312. Dt: Hp.d.0*PCD'P. EI BP. 


[490-13] > Py BP CDP (1) 
Εν #123312. D+: Hp. >. SB Re Py BP (2) 
ba B14. Db: Hp. See Py BP. oRy.d.yeCR. 
(#122°141.Hp] a.ye QS. 

[ΚἸ1 16] 5. Εὐϑῳ. 
[580.32..84.1] >. Sa(S| BIS) Sy. 
[Hp] >. Sa P Sty. 
[490°163] >. Sye Py BP (8) 
F «(2)-(8) #90112. Ds, Hp. 3: (BR) Rye «2. Se ePyt BP : 

[43763] >: SR, BRC Py BP : 

[41221] >: SD‘RC P,tBeP : 

[%37°25.Hp] 2: DS CP, BP : 

[κ198.319] >: DPCP, BYP (4) 


F.(1).(4). 34. Prop 
*123:32. b:ReProg.Sel1o1.a‘S=D‘R.9. 
S|R{SeProg. DSS=D(S| RS). SBR = ΒΑΘ ΕἸ Δ᾽ [*123:312°313] 
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#123321. F:aeX,.asm@.D.8eN, [*123°32] 
¥*123°322. t:aeX%.9.N,=Nea 


Dem. 
b . #123°311-321.,Dbz.aeR-I:heN,.=. Asm a (1) 
F.(1).*1001. D+. Prop 
#123°323. Ε: Re Prog. 2. δ Ξ ΝΟ ΚΕ [*123°322] 
#12333. | :. Infin ax (x). D:aeN,.=.asm (NC induct a ta) [*123-26321:31] 
*123°34. +: Infinax(2).3.&, = Ne(NC induct ὦ δ) [*1 23°33] 
#12335. big IN, (7). 9. δὲ ὦ) = Nef(NC induct n a) [#1 23:34°18] 
*123:36. F.N,¢NC [#12335 . #10274] 
#123:361. ΕἸ ΠΤ ΝῸ. 9. δὲ σε NC induct [#123°15°322 . #120211] 
#123°37. |: Infinax(2).3.q δὲ, (5). δῷ (Pfr) e NLC 
Dem. 
+. #*120°301.5+:. Hp.3:ve NC induct. ,.qiv(e): 
[*65°13] D:veNCinduct.3,.qiv.v=v(a): 
[(*65°02)] a: veNCinduct.3,.qlv: NC induct C fa: 
[*123'34] >:NCinducteN,. NC induct C Pa: 
[(#65°02)] >: NCinduct ε &, (#2) (1) 


Ε. (1). #103-34. «123-36. D+. Prop 
#12339. Ε΄ (δι), (δὲν to), 


Dem. 
Ἐν. #11812. 1116. *#123°322. 55 :(%,),=A.9.(%)4+,1),=A (1) 
F .#*123°13°322. Dera (δ, 9. (δ), = +e 1), (2) 


F.(1).(2). DF. Prop 
#1234 +.N,=8,+,1 [#12339] 
#123-401. F:q!N®,.9.N,=N.—, 1 


Dem. 
Εν 4.1201124.. %123:36-4. Db: qIN,.d.N,eNC—20. 
[#1 20414416] 9. (N, --. 1) Ἐς. 1 = No 
[*123°4] =N,4+,1. 
[*120°311] >.N%,-—, L=&, (1) 
F. #11911. 55 :(&,), =A... (Ny), ΞΞ (δὲ. τὸ 1), (2) 
F.(1).(2). D+. Prop 


#123°41. b:veNCinduct.>.N,=N.+,.y [*123-4. *12011] 
#123411. bt: ye NCinduct.3.N,=N,—,v [#123°401 . #120711] 
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— — — — 
«123-42. Ε Hy P € Prog 2 ρ = Pp? . >. Qs1p, Qy62p € N, « Qs1p n Qy52p => A 
— ε- 
Note that Q ‘1p is the odd terms and Q,‘2p the even terms οἵ D‘P. 


Dem. 
«- .«- «- «- 
t.*916. Dt: Hp.> 3 Qx‘lp C Pyflp. Qy'2p C Pyf2p: 
{-- 
[1221] >: Qy‘lp C DSP: 
«-- 
[*33°13 ] Diy eQy'lp.d.(qz).yPz. 
[*122°141] >. (qz,w).yPz.2Pw. 


t 
[Hp.*90°163.%91°503] > «(qw)-yQu.weQy'lp.yP pW: 


«- «- 
[*37°1] 2: Qs‘1p ς Prof “10 : 
ς-- 
[Κ12819] 2: Qype, 
«-.- 
Similarly Ε:Ηρ.32.0.. 2, εν; 
Εν #121-601602.+:Hp.d.1pP 2p. 
[x] 29°16.%91-52-6] > (2p Qy Ip) 


- > 
F «121-602 .#53°31.493°'1. Db τ. Hp.3:Q'2>=Plp=A: 


[13:14] ϑιψνοε.3.::3: 


[91542] D2 ep Qe Ze YQZ 2 3. WwQooz - YQZ- 
[*92°11] >. 2Qy: 


[PART ΠῚ 


(1) 
(2) 


(3) 


[Transp] D ~(2pQyy) «yz. D + ΡΟ.) (4) 


F.(8).(4).*90112. 5b: Hp. 3: 1pQyz. 3 (2p Qyz) 
F.(1).(2).(5). DF. Prop 
*123°421. F.X,=N+,N%,=2 x, N 

Dem. 


b . 19342. DrraeN-D.(qB,y)-B,yeR-Bay=A.BvyCa. 


[¥110°32.%117°22 | >. Nefa2 4+, 
Ε. (1). #117623 DE τὰ iQ. 2. N=R+,N, 
F. (2). #11812. *1176. DF. X= N+ 

Ε. (3). #*113°66. D+. Prop 


*123-422. f : ve NC induct — 10.3.» x, N= 
Dem. 


Εν 113-671. Db ry x, N= Np. dD. (ν 4.1) Χο No= Neto 
[123-421] =, 


F. (1). #12047.5+. Prop 


#123°43. b:.q!N,.D:veNCinduct.d,.8%, > 
Dem. . 


F .*#123-'18-36:361. 3+: Hp. 2. δὲ εν -- NC induct — fA. 
NC induct C — κι ὶ 


F.(1). #12049. 3+. Prop 


(5) 


(1) 
(2) 
(3) 


(1) 


(1) 
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#12344. big IN. dD: ve NCinductui®,.=.N, Sr 


Dem. 
F. #123322. DF :.aeN,.d:N,52v. 9. NeaSv. 
[#1 17°22°10412] >.qlvaClfa.veN,C. 
[*123°16] >.qiva(Clsinduct vy &,).veN,C. 
[x103-26] >. (qB).v=N cf8 - βὶ ε Clsinduct u&,. 
{*120°21.%103°26] >.ve NC induct ve, (1) 


Εν (1). *123-43.3+. Prop 
#12345. Fi.qit,.D:veNCinduct.=.&, >v.=.y<N, [*123-43-44] 
#12346. -:aeClsinduct.BeN,-d.avu Be, 


Dem. 
Εν «110-32 . #2291. DE. Νοίαυ 8) = Nef +, Ne“(a— β) (1) 
+. #120481:'21. OF: Hp.d.N,c(a—8)e NC induct (2) 
F . 123-322. D+: Hp.d.&,=Nes (3) 
Ε. (2). (3). (#11004). #123°41.5+: Hp.>.Nef8+, Νοία -- β)- δὲ (4) 
Ε.(1). (4). «100-44. D+. Prop 
*123-47. F:iq!&,.D:aeClsinductu&,.=.(qy)-yeN.aCy. 

=.Neacrn 

Dem. 
F. #12346. Dt:. Hp. d:aeClsinduct.>.(qy)-yeR .aCy (1) 
F , #2242. DkiaeNX.D.(qy)-yeN.aly (2) 
F.*123°16. Dki(qy)-ye®,.aCy. 9. ae Clsinduct v&, (3) 
F.(1).(2).(8). DF - Hp. 3: aeClsinduct δὲ. ΞΞ. (1 γ).γ εὐ αζν (4) 


+. ¥123°44'322. 9} -. 8eN,. 3: Νιοία ε NC induct ἐν .Ξ. N cla N,c'8: 
[*103-26.%120°21.%117:107] DsiaeClsinductuN,.=.Neac Nes. 
[*123°322] -Nefa gn, (5) 
F.(5).#1011:23. Db τ. ἢ ἘΝ. 9 τὰ ε ClsinductuN,.=.Nea qr, (6) 
Εν (4). (6). DF. Prop 


ΠῚ 1 


The followimg propositions are concerned in proving N?=,. The proof 
given is roughly Cantor's. It consists in showing that the relation # defined 
in the hypothesis of *123°5 is a progression. 


#1235. +:P,Qe Prog. 


R=XP((quv):X =u) vee P=(utel)eh(v—plg-¥- 
X=pplig. Y=I1p](ut+,le].3.- Rell 
Dem. 


F.#*12234.3+:.Hp.d: X=ppl vg. εᾷ(μ-:-,ς 1)ρ4 (ν -- 1)ὴ..9. 
μιν εΝΟιϊμααοῦ-- (Ὁ. νῈ (1) 
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bd): DF: Ηρ. 9 τ(ῆμ,ν). X =pp hve. τ (με, 1}ρ 4 (ν -- 1)9.9- 


(ἀμ). X=pplle. Κ ΞῚρ ᾧ (lutte (2) 
Εν (2). κ1 28.8.92 


ti: Ηρ. 9 τ (ἄμ,»}). ἃ =ppl vg. Y=(wt, 1). ψ{ (ὦ -- , 1). : Δ ΕΥ̓ .ΧΕΥ 19. 
Χ - Χ΄. Υ͂ -- γ' (3) 

+. (2). Transp . #1233. 

F::Hp.3:.(qu)-Xepplle. V=lpb (t+ Ve: XRY’ XX RY:3d. 
A=X .Y=Y' (4) 

t.(3).(4). 3: Hp.>.Rel—+1:3F. Prop 

#*123°601. Ε: Hp*123:'5.3.D‘R=D‘P x D‘Q 

Dem. 
+. #12234.5b:. Hp. di p,ve NC induct -—t0.»41.9. 


(μ»  νῳ) Κὶ [(ω 1:.1)»ρ Ψ Ὁ το ῖ)} (1) 
b.*12234. 5Ὲ : Ηρ. 9: μὲ ΝΟΙπάποῦ --Ὁ.2. 


(up) 19) Bile) (ute Del (2) 
F.(1).(2)- DF: Hp. DIiy,veNC induct ~tO.d.up]vgeD‘h: 
(*122°341] D:e2eDP.yeDQ.d.2] ye DR (3) 
+. #2133. Dt:.Hp.d:XeD‘R.D.(qyv).X=—ppl vg. 
[122341] >. (qa, y).ceD'P.yeDQ.X=a]y (4) 


F.(3).(4).#1138-101.3+. Prop 


4123-502. Ε: Hp¥123-5.>.C‘RCD‘R. Ry“(Ip | 1g) CDR 
Dem. 
Εν #2183. Db:Hp. V=(u+el)pd (vp l)gev—g1 Ἐ1.3. 
ΤῈ {(u+o2)p)(v—e2)e} () 
Εν «2133. Db: Hp. Y=(utelp blo. D+ VR [lp] (μ 4.3) (2) 
b #2133. Hp. P= lpd (ut, Vo. D+ R24 μο (3) 
b.(1).(2).(8)-DF:Hp.> G'RCDR: Db. Prop 


ee 
4#123°508. Ε: Hp#123°5.3.D‘RC Ry(Ip 4 19) 


Dem. 

Εν ¥123°501 #12211. Dts Hp. >. 1p] 106 κι 4 10) ἮΝ 
Εν ΚθΟ16. Dh: Hp. (1p | 1g) By (up | ve) svt 1.2. 

(1p) 19) Rx ((ῳ τ 1)» ᾧ (ὦ -- Del (2) 
fF. (2). 120,47. 2 
F:Hp.(lp | 19) Ry (up) ve) D+ Δ». 19) Ry ἰ(μ Ἔαν το Lp | lo} 
{*90°16] D>. (Ip | 1g) Ry {Le | (μ -Ῥον)οὶ - 
[(2).%120°47] >. (lp L 19) Ry {up L (v he 1)e} . (3) 
{*90°16] D>. (1p L 10) Rx ἰ(ῳ +o 1)» νοὶ (4) 
F.(1).(8). (4). *120°47 . > 
Fi. Hp. 3: y4,ve NC induct — (Ὁ. 3. (1p } 19) Re (ur | v9) (5) 


F.(5).%122°341 .>+. Prop 
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#123504, Ε: Hp #123'5.5.BSR=1p 19 [#123-34. #120414) 


*123°51. +:Hp#*123'5.3,. Re Prog. D‘R=D‘P x D‘Q 
[*123°5'501°502°503°504] 


#12352. Ε΄. N= Nx NHN! [#123°51 . #11634. %113-25-204] 
*123°53. ΕῚν ε NC induct —10,.5.N,"=N, [#123°52 . #11652] 
"1237. + :Infinax(7). Multax.3.q!%, (#2) 


Dem. 
F. #123°34. #120301 .5+: Hp. >. NC induct (ἐω) ε &, (1) 
F , #10043 . #120°301. 3+: Hp. 2. NC induct (¢‘x) ε Cls ex? excl (2) 
Ε. (1). (2). #8832. Dt: Hp.d.q! Prod‘NC induct (¢z) (3) 
b.(1).(2). #11516. Dt: Hp. >. Prod‘NC induct (tr) CN, (4) 
t.#115°18 . (#65°02). Dt: «e Prod‘NC induct (fx). 2. κ εὐ (5) 
Ε 


. (8). (4) « (5) « (#65-02). D+. Prop 


#124. REFLEXIVE CLASSES AND CARDINALS 


Summary of #124. 


In this number, we have to take up the second definition of infinity 
mentioned in the introduction to this Section. A class which is infinite 
according to this definition we propose to call a reflexive class, because a 
class which is of this kind is capable of refleaton into a part of itself. A 
class is called reflexive when there is a one-one relation which correlates the 
class with a proper part of itself. (A proper part is a part not the whole.) 
A reflexive cardinal is the homogeneous cardinal of a reflexive class. 


We prove easily that reflexive classes are not inductive (#124°271), that 
reflexive cardinals are such as are greater than or equal to N, (κ] 24:23), and 
such as are unchanged by adding 1 (excepting A) (*124°25). To prove that 
classes which are not inductive must be reflexive has not hitherto been found 
possible without assuming the multiplicative axiom. We do not need, how- 
ever, to assume the axiom generally, but only as applied to products of N, 
factors. With this assumption, the result follows by a series of propositions 
explained below. Thus if a product of &, factors, no one of which is zero, is 
never zero, then the two definitions of the finite and the infinite coincide 
(#12456). 

We will call a cardinal ν a “multiplicative cardinal” if a product of ν 
factors none of which is zero is never zero. Thus all inductive cardinals are 
multiplicative cardinals; and the assumption needed for identifying the two 
definitions of finite and infinite is that &, should be a multiplicative cardinal. 
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For a reflexive class we use the notation “ Clsrefl,” and for a reflexive 
cardinal we use “NCrefl.” We define a reflexive cardinal as the homogeneous 
cardinal of a reflexive class, 1.6. we put 

NCrefl=N,c“Clsrefl Df. 

The only effect of this is to exclude A from reflexive cardinals, which is 
convenient. We then need (on the analogy of #*110°03'04) a definition of 
what is meant when an ambiguous symbol such as Ne‘a is said to be reflexive, 
and we therefore put 

Ne‘peNCrefl.=.NicioeNCrefl Df. 

For the class of multiplicative cardinals we use the notation “NC mult.” 

Thus we put 


NC mult = NC ὦ ἃ [x ean Clsextexcl.D,.qles‘«} Df, 


whence it follows that if a¢ NC mult, a product of a factors, none of which is 
zero, will never be zero. 
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We begin, in this number, with the more obvious properties of Clg refi, 
proving that a Cls refi is one which contains sub-classes of N, terms (#124-15), 
that it is one whose number is unchanged when a single term is taken away 
(*12417), and that it remains reflexive if any inductive class is taken away 
from it («124°182). 

We then give corresponding propositions concerning NC refi (#124-23-25 
202), proving, in addition to propositions already mentioned, that a reflexive 
cardinal is greater than every inductive cardinal (*124°26), and that a class 
which is neither inductive nor reflexive (if there be such) is one which 
neither contains nor is contained in any progression (#12434). On such 
classes, see the remarks at the end of this number. 


We then (#124441) give a proposition merely embodying the definition 
of NC mult, and show that all inductive cardinals are multiplicative, which 
follows immediately from *120°62. 


The following series of propositions (*124°51 ff.) are concerned with the 
proof that, if δὲ is a multiplicative cardinal, then the two definitions of finite 
and infinite coalesce. The proof, which is somewhat complicated, proceeds as 
follows. 

To begin with, we know that if p is a class which is not inductive, it 
contains classes having v terms, if ν is any inductive cardinal. Thus we have 
Alon ΟΡ, qilaCl*p, ... qivaCl*p, .... 

The classes of classes On Cl‘p, La Cl*p, ... va Cl*p,... thus form a pro- 
gression, which is contained in Cl‘Cl‘p. Hence (#124511) 
tk: p~e Cls induct . 3. Cl°Cl’p ε Cls refi. 
So far, the multiplicative axiom is not required. 
The above progression of classes of classes is 
(a Clfp)*NC induct. 


If P is a selective relation for this class of classes, D‘P is a progression con- 
tained in Cl‘p. Hence 


#124513. Ε : ql εα'ία Clép)*NC induct . 3. Cl‘p € Cls refi 


whence 
#124514. Ε -. ἐδ, Ε ΝΟ mult. 3: pre Cls induct. 3. Clipe Cls refl 


To prove the next step, namely 
Noe NC mult. qiN.a ClCl*p.3.qf&, n Cl, 
we make a fresh start. We have, by hypothesis, a progression R whose 
domain is contained in Cl‘p; hence s‘D‘R Cp. Thus it will suffice to prove 
δ ε NC mult. Re Prog. D‘# C Clsinduct.3.q!&,asD‘R, 
where the conditions of significance require that D‘R should consist of classes. 
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For this purpose, we prove that no member of D‘R can be the last that 
has new members which have not occurred before. The proof proceeds by 
showing that if this were not so, s‘D‘R would be an inductive class, and 
therefore, by *120°75, D‘R would be an inductive class, Hence (*124'534) 
the members of D‘R which introduce new terms form an &, by *123°19; 
and so therefore do the classes of new terms which they introduce (#124°535). 
Hence (*124°536) a selection from these classes of new terms, which is a sub- 
class of s‘D‘R, is also an N,, and therefore (*124°54) there is a progression 
contained in s‘D‘R if the selection in question exists. This completes the 
proof. 

In virtue of *124°511 and *120°74, we have, without the multiplicative 
axiom, 


#1246. +: p~eCisinduct.= . Cl‘Cl*p ε Cls refl 


Hence if it could be shown that Cl‘p cannot be reflexive unless p is 
reflexive, a double application of this would enable us, by means of #1246, to 
identify the two definitions of the finite without the multiplicative axiom. 


412401. Clsref=f{(qR). Rell. @'RCD'R.g! BR. p=D‘R} Df 
An equivalent definition would be 
Cls refl = D“‘{(1-1) 68 -- (πν 638} DE. 
#12402. NC refl = N,c%‘Cls refl Df 
#124021. Ne‘pe NC refl. =. N,c‘p¢ NC refi Df 
#12403. NC mult=NCn@{eeanClsextexcl.3,.qteat«} Df 
41241. bi peClsrefl.=.(qR). Relvl. CRCDR. g! BR. p= DR 


[(19401}} 
- 
#12411. Ε: ΒΕ] ΟΕ ΟΡΕ.. 18.8.3. ΚΕ ε ΟΙβιϑῆ [κ194:] 
412412. +.N,CClsrefl [#1 23-12 . 4124] 


412413. b:peClsrel. D.g!&,aClp [#1241 . #123192] 
*12414. FipeClsrefl.>.puceClsretl 
Dem. 
Εν] 1242, #50552. 5 
-- 
F:Relw1l . GRCDSR. Gg! BR.DR=p.S=If(o—p).2. 
Βυϑεῖ-} . D(Rv S)=D‘ Rue. d(RuS8)=ARu(o—p). 
- 
[Hp-#93-101] 9. Εὼ Se1o1.D(RvS)=puc.B(RuS)=BR. 
([Hp.*1312] 9. RuSelo1.D(RuS)=puc.q!B(RvS). 
[124-11] D>. pvaeCls refl (1) 
Εν (4). ἘΠ 41. 9 Εν Prop 
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#124141. b:q!Cl‘p a Clsrefl. 9. ρ ε Cls refl 
Dem. 
b.#12414.5b: με (δ το. 9. μιν (ρ -- μ)ε Cis refi. 
[κ24.411] DhipCp.weClsrefl. 3. pe Clsrefl: 9+. Prop 


*12415. b:peClsrefl. Ξε. ΤᾺ a ΟἹ. 
Dem. 
F.#124°12. Db rg tN ὦ Clip.>.q!Clsrefln Clép. 
[4124-141] D>. peClsrefl (1) 
b.(1).#12413. D+. Prop 


*124°151. F:peClsrel.=.Ne‘p 55 & [#12415 . #117'22] 


#12416. /:peClsrel.=.(qo).coCp.qlp—ao-psmo. 
=.q!Ne‘pn Clip —t'p 
Dem. 

b.x731.5b:(qc).oCp.q!ip—oc.-psmoc.=. 

(q¥Rh,c).¢Cp.qip—oc- Rel +1. DR=p.0R=c. 
[*13°195] =.(qR).TRCp.q!p—-GQR. Rel wl. D'R=p. 
[#13193] =.(qR).GRCD‘R. Gg! DSR-GR. Rel +1. D‘R=p. 
[195.101.κ12941] =.peClsrel: D+. Prop 


#12417. bspeClsrefl.=.(qa).vep.p—tlasmop 
Dem. 


b. #12416. 3+: (qv).vep.p—tesmp. .peClsrefl (1) 
ἔν #123°17:192'311. 9 


— «- «- 
b:Relwl. GRCDR.re BR.D. Ryfasm μία τοι. 


«- «- «- «- 

[79:1] >.(D‘R— Ry x) v Rye sm (DSR -- Ryfx) v (Ryka — of) - 
[424-411-412] >.D‘Rsm D‘R— μα (2) 
F.(2).#1241. DF: pe Clsrefl. 5.(qz).vep-psmp—te (3) 


F.(1).(8). 3+. Prop 
#12418. b:peClsrefl.psmo.D.ceClsrefl [%*124151. #100321] 


#124181. |: peClsrefl. D.p—e‘weClsrefl. p—t‘esm p 


Dem. 
b #1241718 . #73°72.3 
t:peClsrefl.wep.D.p—t'asmp-p—lwe Cls refl (1) 
+. (1). #51°222. >. Prop 


#124182. +: ¢Clsrefl. a eClsinduct.>.p—ae¢Clsrefl.p—asmp 
[«124°181 . #12026] 


#1242, b:weNCrefl.=.(qp).peClsrel. w= Nicp [(*124-02)] 
#12421. bk: weNCrefl.s. 
= 
(qR).Relwl. GRCDR.Gg! BR. w=NeD‘R [#12421] 


Β ἃς Ἧ τί 18 
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#12423. bt: weNCrefl.=. un 2, 
Dem. 

b. #117241. 3h: μῈ5 δ. 

[*123°'36'322.%103'26] 

[*10°35] 


- (qa, 8). w= Νιοία. δὲ, = Nock. qt Clan Nee. 
- (qa, 8)» w= Νισία. βαὶ εἰς, qT! Clan. 

. (Πα). p=Niocfa. ἃ 1 Clfaan®,. 

[124.18] . (qa). w=N,cfa.aeClsrefl. 

[¥124-2] we NCrefl: D+. Prop 

#124231. ΕἸ q!NCrefl.=.qiClsrefl.=.q!, [#1242°12:13] 

#124232. bs! NCrefl. >. Infinax [¥124°231 . *123:18] 


412424. Ετὸ με NCrel.=:peN,C: (qv). p=X,+,v.veNC 


Dem. 
F 1 94°23 .#117'31.5 


bs.we NCrefl.=:ip,XeN,C: (qv). veNC. n=) ΟΡ (1) 
b.#1104.3DF:p=N,4,.7-peN,C.23.NeN,C (2) 
Ε,(}). (2). +. Prop 

#12425. b:weNCrefl.=.peN.C.u=pt .l.=.qipv.p=ptel 
[412417-2] 

#124251. Ε: weNCrefl.3.p=4+,1 [#12425] 


#124252. b: we NCrefl.ve NCinduct.>.w=p4+,v 


Dem. 
b #124251. 0b: με ΝΟ. με μον. 9. με μον }}1 (1) 
Ε. (1).3120.11.32Ε- Prop 


Ἀ124 2568, b: με NCrefl. >. μτεμ Ὁ δὼ 


ΠΗ ΜῊ 


Dem. 
b #12424. 3DF:Hp.d. (qv). w= ter: 
{4123-421 ] 9..(ν)-. w= Rote Rotoy-w=Notyv- 
[41313] D.wa=Nt_e1 Db. Prop 

#12426. F:.weNCrefl. D: ve NCinduct.3,.4>p 

Dem. 
b. #124231. 5b: Hp. dD: qin: 
[*123°43] >: veNCinduct.3,.&, > pv (1) 
Ε.(4). #12423. 95+. Prop 


#12427. Ε΄ NCrefla NCinduct=A  [#%124°26.%117-42] 


#124271. |. Clsrefln Cls induct =A 
Dem. 
Εν #1242. 5+: peClsrel. >. Νιοῖρε NCrefl. 
[Κ124.21] D.N,cfo~e NC induct . 
[*120°21] >. p~e Cls induct: D+. Prop 
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#12428. +: peClsrefl.=. Nie‘pe NC refl. = . Ne‘pe NC refl 
Dem. 


b 42. (4124021). DE: Ne‘pe NCrefl. = - Nicfp e NC refl. 


[el 24r2] =, (qo) »oeClsrefl. N,c‘p= N,cfo ᾿ 
ΡΕ108:14] =.(qo).aeClsrefl.psmo.peto. 
[124-1 8.%73'3.463'108] =.peOlsrefl: DF. Prop 
*12429, Ε΄ ΝΟ refl=Clsrefl 
Dem. 
Εν 4011. ΞΕ: ρε ΝΟ τῆ. =. (qu). weNCrefl.pep. 
[*103:26] =.(qu).ueNCrefl. p=Notp. 
[¥13°195] =.N,cfoeNCrefl. 
[κ124.28] =.peClsrefl: D+. Prop 


*1243.  FarqiX,.dDsnw<o.v. we: =. we NC induct vy NCrefl 
[*123-45 . #124°23] 

#12431. b:q!&,.>. speci®, =NCinductu NCrefl [#1243 .#120°431] 

In virtue of the above proposition, if there are any numbers which are 
neither inductive nor reflexive, they are such as are neither greater than, 
less than, nor equal to δ. (The existence of &, in a suitable type can be 
deduced from the existence of numbers which are neither inductive nor 
reflexive; cf. #1246.) Two further propositions (#124°33'34) are given below 
on non-inductive non-reflexive classes and cardinals. The subject is resumed in 
the remarks at the end of the number. 


*12433. b:.q!&,.9:weNC— NCinduct -- NCrefl.=. 
pe NC .n(u « δι). 25 δ) [#1243. Transp] 


#124340 bi: qitt,.3:.a~e(Cls induct υ Clsrefl).=: 
~w(qyiyeNraCy.v.yCa 
Dem. 
b.*120-21 . #12428. Db: awe (Cls induct v Clsrefl). =. 
N,c‘a~e (NC induct v NC refl) (1) 
t . #12336 .#103-'26. +: 8eX,.3.%,= Nic'8 (2) 
b. (1). (2). 124-81. DE: εν. D2. a~e(Cls induct v Clsrefl). =: 
N,cfa~espec’N,c‘@ : 


[*120°432] = 10(N,cla < N,cfA) .~ (Nica & Nyc’): 
[11710722] =:~(Ne‘a< Ne‘B):~(qy)- ye NcfBiy Cas 
[¥123°322] = :~(Nofa SN) (AY) YeNoey Ca: 

[1 23°47] =:~(qy)-yeN,-aCyin(ay).«yeR.yCa (ὃ) 


Εν (3).*1011-21. 4. Prop 


41244. Εἰ με NCmult.s:yeNC:nepnClsex excl... q! ea‘ 


[(#124-03)} 
18—2 
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#12441. Ε΄. NCinduct CNC mult [%#120°62 . #124°4] 

The following propositions give the proof of #124°56, which identifies the 
two definitions of the finite, on the assumption that &, is a multiplicative 
cardinal. (*124°513, however, is only used in proving *124°514, and #124514 
is not used in the proof. It is retained as marking a stage in the argument, 
although the actual propositions subsequently used are not it, but the lemmas 
which lead to it.) 


#12451. ts ρους Clsinduct .Q=(n Cl‘p)| ΝῚ Cnv(n Cl‘p). 3d. 
Qe Prog. D‘QC Cl‘Cl‘p . “Ὁ ΞΟ Ια ΟἹ ΝΟ induct 
N here has the meaning defined in *123-02. 


Dem. 
Εν *120°61-:21 . #123:25. D+: Hp. >. Ne Prog (1) 
+. *120491,5+: Hp. d:y,veNCinduct.d,,.qiunanClh*p.qtva Cl: 
[*22°5] D:yu,veNC induct. pn Cl'fp=yvaCl'p.d,,. 

qaipava Cl‘p . 

[*100°43] μιν. μταν 
[¥71-55] 9 :(α Cl‘p)f NC duct ¢e 11 (2) 
Ε. (1). (2). *123°32.3+: Hp. >. Qe Prog (3) 
b , *22°43 . Dk:aeD‘Q.d.aCCl*p (4) 


Ε. (8). (4). #87°32'321 . D+. Prop 


#124511. ΕἼ p~eClsinduct.>. 
CI‘Cl‘p ε Clsrefl . (n Clép)**NC induct ε δὲ, 9 Cls ex? excl 
[*124°51°15 . 120-491 . *#100°43 ] 


#124512. b: Pees(n Cl‘p)*NC induct. 3. 
D‘P eX, a ClCl'p. DfP C Cls induct 
Dem. 
+. *83°11. Transp. >+:. Hp. d:veNC induct. 3,.q lun Cl*p (1) 
b. #11516. (1). #124511 . #120°491. 5 
+: Hp. >. D‘Pe Ne“(n Cl‘p)“NC induct. p~e Cls induct. 


[κ124.6117 5. D'Pe&, (2) 
t.*83'21.3+:.Hp.d:aeD‘P.5.(qv).veNC induct.aevn Cl*p. 
[%10°5.%*120°2] D>. ae Cls induct .aeCl*p (3) 
Ε. (2). (3). DE. Prop 


Ἀ124. 618, Ε τ ἢ Τρ (ὦ Cl‘p)“NC induct. >.Cl*peClsrefl [*124512:15] 


Ἀ124614. Ε τ. δὲ, εΝ Ο mult. 9 τ p~e Clsinduct. >. Cl‘p ε Cls refl 
[41245115134] 
The following propositions are concerned in proving that, if δὲ is a 
multiplicative cardinal, then a class such as D‘P in *124°512 must be such 
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that a progression is contained in s‘D‘P. The characteristics of D‘P which 
are used in the proof are D‘Pe&,.D‘PCClsinduct. Since D‘PeX,, we 
have (q.R). Re Prog. D‘P=D‘R. Hence the hypothesis with which the follow- 
ing series of propositions is concerned is 

Re Prog. D‘R C Cls induct, 
but the earlier propositions do not need the full hypothesis, 


In what follows, note that if ye« D‘R, γ-- o'y 1s the class of those 
terms which occur in y and have never occurred before in any earlier member 
of D‘R. We prove that, with our hypothesis, members of D‘R for which this 
class of new terms is not null form a class which has no last member, and 
therefore form a progression. 


#12452. b:. ReProg.c = {(qy). ye D‘R. B= γ- 8 Booty - a1 8}. 


- 
oe Clsex?excl τη, δε ΠΕ. δ. 3. (γ -- 5 Ry ofy) 9 (ὃ -- 5 Bog 3) = A 
Dem. 


+. *20'33 . Dt:.Hp.3:Bec.3.q!18 (1) 
F .*122°21. DF: Hp.y, deDR.ytd. 3: yR,,6.v. oR oy (2) 
Εν #40713. It: Hp.yvk,,6.3:y7€ sR (δ: 

[#243] 9:0.) - ὌΝ 2.) ἃ (ὃ - 5“, οὔπξ ἡ (8) 
Similarly ti. Hp. dRyoy. Di (y— ΜᾺ yya (ὃ -- ἘΠ ,..8)-- A (4) 


.(Ὁ). (3). (4). ΞΕ: Hp.y, deD'R.y+8.d. 
- ~> 
(γ — 8’ Rao“y) ἃ (ὃ — sf Ryd) =A (δ) 
t.(5).*2033. D+: Hp.8, ec. Bt+h.d.8nB=HA (6) 
Εν (1). (6). (5). 3+. Prop 
_~> 
#124521. | : Hp #12452.0=4 {ye DR. ly —5'R,,“y}. 9. osm 7 


Dem. 
b .#124°52 . *#2457.5 


- -- 
b:Hp.y, δὲπ.γ δ. 3.0 -- 5 ΚΕ, οἴ + ὃ -- 5... ὃ (1) 
A ~ 
F.(1). D+: Hp.S=8%4 (γε Ὁ. β-Ξγ -- 8 Ερογ «Ἡ1}.9 
5:1-Ὁ1. )ὅτπισ. {ὅ-τ-ππ:. 9. Prop 
#12453. +:ReProg.>.s‘D‘'R~eCilsinduct [#120°75 .*122°37] 


#124531. ἢ : Re Prog. D‘RC Cls induct. . Fey ε Cls induct 
Dem. 
+ .*#122°38.5>:Hp.d μη e Cls induct (1) 
Ε.(1). 1205. 9}. Prop 


-} 
Ἀ124 582. Ε: Re Prog. D‘RC Cis 1πάποῦ. 3. 1840. -- 5. Sy 
[*124°53'531 . »120.481.. Transp] 
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#124533. Ε: Re Prog. D‘RC Clsinduct.ye D‘R.D. 


~> 
(TA) yR, 8 oq 18 —s{Ryo‘B 
Dem. 


+. *1245382.5+:Hp.>.(q8)- Be DR a! B —s'Byfy (1) 
b.x4013. Di BRyy. 2-8 C sf Ryfy: 
[Transp] Digi B—s*Ryfy.d. ~(BRxy) : 
[*12221] Dt:Hp. Be D‘R.G! B—s'Ryiy.d.7h,,8 (2) 
Εν. ().(2).3 
-», 
F:. Hp. 9 +(GB) + γῆρβ «1B — 8 Baty , 
[#12223] >: E! min (#,,)8 {fy R,8»q!  --- 3'.ΠΕ,..8}: 
[Χ98111]2 + (4B) ty Ryo «1B — Πα t SRyo «Ds 8 Cs Ry: 
{#40°151]3:(q8)-yR,B. 118 -- Rey . ‘P68 ς ΤΑΝ : 
[x22'81] 9: (6)... β..1} -- ΚΠ... 2. Db. Prop 
#124534. |: Re Prog. D‘RC Cls induct. 


-- 
πτε ἰγ Ε Ὁ. τὺ τ 5 Εν, 96] -9.π εὶς 
Dem. 
b.*124'533. 3+: Hp.d.qia.rCh,,“‘r (1) 


F.(1).*123:19.>+. Prop 

#124535. +: Re Prog. DSRCCls induct. 
A -» , 
στε β ((10ὺ}.γ εὉ΄.Ε. β Ξε -- 8.8. «Ἢ 1}.3.σ εἰς, 

[4124°534°521 . *123°321] 

*124:536. +: Re Prog. D‘R CCls induct. 
A — 
o=Bi{(qy). ye DR. β Ξε -- 5' ΚΕ οἷ. 18}. 


Θξεδλίσ. 2. 9 εἶν. DSCsD‘IR 
Dem. 


b.115°16 .#124'52'535. +b: Hp. 9. ἢ)" εκ (1) 
Εν 58.21.5 Ἐ: Hp. 3: D‘SCs‘o: 


~> 
{*40°11] D:a2eDS.3.(q8,7)- ye DR. β τὺ -- 5 ΕΚ DIB. ces. 
- 


[18:195] >. (ay). ye DSR. wey -- ΞΕ οἰ γ. 

[*22°43]} D.(qy)-yeD{R. vey. 

[*40°11] ».ces'DSR (2) 
F.(1).(2). DF. Prop 


#124°54. Ε:- ΝΕ ΝΟ mult. Re Prog. D‘RCCls induct. 3. q!Nya Cl'ssDIR 
Dem. 
F .*124°52-535°4.D 
A -- 
bi Hp.d:o=6 {(qy).- ye DIR. B=y—S' Roy TB}. Dd. qlesto- 
[*1 24-536] D.qi&,o Cl'ssD‘R:. DF. Prop 
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#124541. " : ὃς, ε NC mult. Pe ea*(n Cl‘) NC induct. >. 


ai Xa ΟΡ, DIP C p 
Dem. 


+. #124512. +: Hp.>.D*PeN,. D‘P C Cls induct. 


[*123-1} >.(qR).D‘P=D‘R. Re Prog. D‘RC Cls induct. 
[*12454] >.(q.R).DIP=DIR. Gi X a Cl'sD‘R. 
[#13°193.%10°35] 9.1 δ ὦ ΟἹ. (1). 
F.#124512.5+:Hp.d.D‘Pe CiCl*p. 
[*60-2] >.D‘PCCl*p. 
[*60°52] >.sD‘P Cp (2) 
t.(1).(2). 3+. Prop 
#12455. Εἰ: δὲ, ε ΝΟ mult. p~e Clsinduct.3.q!&,o Cl‘ 
Dem. 
b.4¥1245114.5+:Hp.>.q! εὰ (ὁ Cl'p)NC induct. 
[4124-541 «60°4] >. q IN, ὁ Clip: Db. Prop 


#12456. §:&,¢NCmult. >.—Clsinduct=Clsrefl. N,C—NCinduct-=NCrefl 
Dem. 


F.#12455:15. D+: Hp. 9. —Cls induct C Cls refi (1) 
F.#1l24271. 3b: Hp. 3. Clsrefl C —Cls induct (2) 
F.(1).(2). Dh: Hp.d:—Clsinduct = Clsrefl: (3) 
[4120-21 124-28] >: Nicfo~we NC induct. =. N,cfpe NC refi: 

[*103°2.4124°2] D:aeN,C — NC induct.=.aeNC refi (4) 


F.(8).(4). Ε. Prop 


The above proposition identifies the two definitions of the finite, on the 
hypothesis &,¢e NC mult. 


#12457. t:weN,C—NCinduct.5.2"%¢NCrefl [%*124°511.*«116°72] 


#12458, b:.2"e NC refi. 3,.we NC refl: >. ΝΟ — NC induct = NC refl 


Dem. 
Εν. #12457. 5b:. Hp. 3: μεν ~ NC induct.>.2#¢ NCrefl. 


[Hp] D.weNCrefl (1) 
Ε. (1). #124227. 5+. Prop 
The above proposition gives another hypothesis which would enable us to 
identify the two definitions of the finite if it could be proved, namely 
2 « NCrefl. D, . με NC refi, 
or, what comes to the same thing, 


Cl‘p  Cls refl. 3. p € Cls refi. 
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#1246. b:p~eClsinduct.=.Cl‘Cl*p ¢ (ΙΒ refl 


Dem. 
b. #124511. Db sp~e Cls induct . >. Cl‘Cl‘p ε Cls refi (1) 
b. 12074. Db:peClsinduct.>.Cl‘Cl* ε Cls induct . 
[4124271] >. ClClép we Cls ref (2) 


+ .(1).(2). D+. Prop 


#12461. ἔ:. δ εΝΟ mult. 3:peClsrefl.=.Cl‘p eClsrefl. =. Cl*Cl‘p eClsrefl 
Dem. 
Εν #1246271, Db: pe Clsrefl. >. ΟἹ" ε Clsrefl. 3. Cl‘Gl‘p ε Cls ref (1) 
Εν #124656. Dk: Ne NC mult.3:Cl’Cl‘peClsrefl.d.peClsrefl. (2) 
[(1}] >.Cl‘peClsrefl (3) 
b.(1).(2).(3). DF. Prop 
The following properties of cardinals which are neither inductive nor 
reflexive (supposing there are such) are easily proved. Let us put 
NC med = N,C —~NCinduct— NCrefl Df, 
ΟἹ med = — Cls induct — Cls refi Df, 
where “med” stands for “mediate.” Then 
weNCmed.d.u4+,leNC med.n—,leNC med.wtytl. ut eel. 
Hence mediate cardinals have no maximum or minimum. 
p,veNCmed.>.4+,ve NC med, 
we NC med. ve NC med v NC induct — 1'0.3. ys x,ve NC med, 


whence we NC med . 3D. p?, μ᾽, ... e NC med, 
pw’ e NC med. 3: we NC med. v.ve NC med, 
weNCmed.>.2" ε NC refl, 

whence ai NC med.3.(qv).veNC med. 2” ¢ NCrefl, 


since we have either με NC med. 2 ε NC refl or 2 ε NC med. 2 ε NC refi. 


*125. THE AXIOM OF INFINITY 


Summary of #125. 


The present number is merely concerned to give a few equivalent forms 
of the axiom of infinity, and of the kindred assumption of the existence 
of &. 


In virtue of #125:2425 below, if the axiom of infinity holds in any one 
type, then it holds in any other type which can be derived from this one, or 
from any type from which this one can be derived. Hence if we assume, as 
it seems natural to do, that all extensional types are derived from a first type, 
namely that of individuals, then the axiom of infinity in any such type is 
equivalent to the assumption that the number of individuals is not inductive. 


We deal, in this number, first with equivalent forms of Infinax, then 
with equivalent forms of Infinax(wx), then with equivalent forms of W1&, 
or Ἢ Τ δῷ (x). When “Infinax” or “q!&,” occurs in this number without 
typical definition, it and all other typically ambiguous symbols are to be 
taken in the lowest logically possible types, or with the same relative types 
as if this had been done. The propositions of this number are often not 
referred to in the sequel, but are here collected together on account of their 
intrinsic interest. 


*125°1. ἔτ: Infinax.=:a¢NCinduct.3,.q!a [*120°3] 
*125:11. +:.Infinax.=:aeNCinduct.3,.ata+,1 [#12033] 


*125:12, +:.Infinax. 


Dem. 
+. 10112. 1251.3 


F:. Infinax.=:aeNC induct —10.3,.q!a: 
[¥120-423] =:a¢eNCinduct.),.qta+,1:. 3+. Prop 


*125:13. +:Infinax.=.AweNCinduct [*125-1 . *2463] 


*125:14. +:Infinax.=.(4, [NC inductel—1 
Dem. 
Ε. ΚΙ 25.22.24, Db: Infinax.>-(4,1)f NCinductel1—~+1 (1) 
bi «71'55. Dk:.(+,1)f NC inducte1—~+1.9: 
a,8e NCinduct .a+,1=8+,1.3.6.a=8: 
[Transp | D:a,8e NC induct.a+8.I,2-a+,14+ 84,1: 
[5101] 5: Δ, β εΝΟΊΙπασποῦ. Δ ῈἘβ.9,..ΔΈ, Έβτ||1: 
[¥110-4. Transp] >: Ae NC induct. @e NCinduct.q!@.3s-qt(B+.1) (2) 


Π 


τας ΝΟ induct.3,.qla+,1 
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Εν (2). 101-12 . #12013 > 
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F:.(+,1)f NC induct e1—1.A¢eNC induct. >: @8eNCinduct.3,.q!8: 


[#2463] 3: A~e NC induct 
Ε΄ (3).%2°01 . #125°13. Db: (4,1) f NC induct e 1 1.3. Infinax 
Εν (1).(4). DF. Prop 


¥125:15. "τὶ Infinax. =: Clsinduct.3,.q!—p 
Dem. 

Εν. #11063. Db:a~vep.d,.pv tise Neo +1: 

[410-28] Dk:qi-p.d.q!Ne‘p+,1: 


[Syll] Dk: peClsinduct.5,.q!—p:): 

peClsinduct. D,.q!Ne‘pt.l: 
[*120-2] D:aeNC induct. pea. Jao. qi No'n +,1: 
[*100°45 | D:aeNCinduct.q!a.3..qlat,1: 
[41 20-13.%101-°12] D:aeNCinduct.3,.q!a 


+.*13:12.Db:.aeNCinduct.3,.q!(a+,1):3: 

ae NC induct. Nic‘p =a... q!(Nicfp +,1): 
[¥120'21] D3: pe Cls induct. 3,.q!(N,cfp +,1)- 
[*103°11.463°101.%110°63] 3,.(qy,z).ysmp.zrey.yet{pu—t*p 
Εν 1812. κ] 0.24. Dhiy=p.zrey.d.ql—p 
Εν #120°426 .*246.29t: p¢Clsinduct.y+p.yCp-I-~(ysmp): 
[Transp] Dt:peClsinduct.ysmp.y+p.3.q!ly—p-: 
[24.561] >.q!—p 


Ε. (8). (4). 35 τ p¢ Clsinduct : (qy,z).ysmp.zrey.yetlipyu—l pr). 


(3) 
(4) 


(1) 


(2) 
(3) 


(4) 


ai-p (δ) 


Εν (2). (ὅ). DF: ae NCinduct.3,.q!(at,1):9: 


peClsinduct.2,.q!—p (6) 


+. (1). (6) #125121. DF. Prop 


*126:16. | :Infinax.=.q!Cls—Clsinduct.=.q!N,C —NCinduct.=. 


V we Cls induct 
Dem. 
F. #12515. 9 τ. Infinax.=:pe¢Clsinduct.3,.p+V: 
[#13196] =: V~eCls induct 


Εν #120481. Transp. sq! Cls—Clsinduct . >. V~e Cls induct 
b.(1).(2).*120-21.3+. Prop 


*125°2.  +:, Infinax().=:aeNCinduct.3..q!a(x) [#120301] 


*125°21. |: Infinax (2). =. t*’a~e Clsinduct 


Dem. . 
Ἐν Κ]2615.. 9 Ε :. Infin ax (#). =: pe Clsinduct α Clt‘e.3,.q!—p: 
[*63-102] =:peClsinduct n Cl¢w.3,.p+t'a: 
[18.196] Ξ τ f'e~e Clsinduct:. D+. Prop 


(1) 
(2) 
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*125°22. |: Τπῇῆῃ δχ (4). Ξ. δα: ε ΟἸβ τῆ [*125°21 . 63°66 . 124.6] 

Ἀ125.28. +: Τηῆπ ἂχ (ὦ). ΞΞ. 1 δὲ (tv) [ἈΠ256.22...124] δ] 

*125:24. |: Infin ἂχ (α“). ΞΕ. Infin ax (2). =. [ηῆπ ax (fx). =. ete. 
Dem. 


b .*125°21. 9 Ε : Infinax (2). =. te~e Cls induct. 


[*120°74] . Cl*t’a~e Cls induct . 

[68:66] =.t“a~e Cls induct. 

[*125°21] =. Infinax (tz): D+. Prop 
*125°25. |: Infinax (a).=. Infinax (t,°a). = - Infin ax (¢,fa). =. 

Infin ax (f'%a). =. ete. 
[*116°91-92 . *120°56°52 . *125-21] 
A > —_ 
#1253. F:q!tX,.=.qi(loal nk! BR.ng! BR) 
Dem. 
b.xl231. Obi qGiX,.=.q! Prog. 
A —> > v 

[¥122-11:141] 5.51 1a Κα BR.wg! BR) (1) 
Εν. #123192. Dk: qilolaR(q! BR.wg! BR).D.g!® (2) 
F.(1).(2). 34+. Prop 


#125'31. b:qtN,(v).=.tweClsrefl [#12415] 


«- «- 
#125:32. Fig IN, (ὦ). Ξ. ἩΓ(Ὶ -ὮἼ 1} τ - Ate 
Dem. 
«- «- 
Εν 65102. Db: qid—+1)n Ὁ (ὦ -- [1ὦ.Ξ. 
(qR). ε1- 1. τί  ((ΕΟίω .αἰξα--([Ε. 
[Ἀ124.1] =. ἐέα ε Cls refi (1) 
F.(1).*125°31.9+. Prop 
«- €& 
#125°33. b:.q IN, (2).=:aCte.qla.d..ql(lwl)n Dia-Ca 
Dem. 
b.*73°7 .*51'222. Db: aCtwe.yea.zete—a.d.asm(a—l’y) v2: 


[*73-1} >.(q@R).Rel—+1.D'R=a.UR=(a—-e'y) vec. 
«- & 

[*33°6°61] D.q!(l—>1)n 8). -- ἃ " (1) 

F.(1). Dhigta.qitte—a.d.qi(l—lja θα Car 

[x63°1L02]D ki qla.aCte.atte.d.qi(l—l)n Da- Ta (2) 


F . (2) .*125°32.54. Prop 
#*125-34. Ε:ῊΉΤΝ (9). Ξ. ἐσθ ΝῸ 


Dem. 
b. 4125-32. Db :..q1N,(2).2:Relol.DR=te.d2.0R=te: 
[*100°13] Ξ : Νούί τευ. 
[*100°41-45] Ξε NC (1) 


F.(1).Transp.3+. Pro 
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#12535. ἢ τ. δὲ eNC mult. 3: ἢ " δ (ὦ). =. Infinax(z) 


Dem. 
Ε.Ἀ125.21. κ 2466. 9 Ε τ. Hp. 2 : Infinax (x). =.tweClsrefi. 
(*125°31] =. IN, (ὦ) 1. 9 Ε΄ Prop 
#12536. Ε : Infinax(Cls).=.q!&,(Cls) 
Dem. 
+. #2414. *63°102°66 . DF. ae = CIV 
[*24-11] =Cls (1) 


b.(1).*125°24. 5+ : Infin ax (Cls). 
[*125-23.(1)] 


. Infin ax (2). 
» 4 '8,(Cls): D+. Prop 


*126. ON TYPICALLY INDEFINITE INDUCTIVE CARDINALS 


Recapitulation of Conventions and Summary of *126. 


We have now arrived at the stage where we can adopt the standpoint of 
ordinary arithmetic, and can for the future in arithmetical operations with 
cardinals ignore differences of type. In order to understand how this is go, 
it will be necessary briefly to recall the line of thought of some of the previous 
numbers and the conventions upon which the symbolism is based. 


The symbolism of *102, though perfectly precise as to the typical relations 
of the various symbols, is in fact too complex for use, except in cases of 
absolute necessity. It is better to use the typically ambiguous symbols Ne 
and sm, combined with some simple rules of interpretation of the symbolism, 
so as to secure that the various occurrences of the same symbols are in their 
proper relationships of type. This is the course followed in *100, *101, and 
in every number from *110 onwards. 


The important symbols which involve an explicit or implicit use of Ne or 
sm are called “formal numbers,” and it is only necessary to make the rules of 
interpretation apply to them. 


A constant formal number is any symbol representing a typically ambiguous 
constant such that there is a constant a such that, however the ambiguities 
of type may be determined, the former constant is identical with Ne‘a. The 
variable formal numbers are defined by enumeration. They are divided into 
three Sets, the Primary Set, the Argumental Set, and the Arithmetical Set. 


The Primary Set consists of Ne‘a, Σ Ne‘«, II Ne‘x, where a is a variable 
Ols of any type and « is a variable Cls? of any type. Also a and « may them- 
selves be complex symbols which tn some way involve variables. 


The Argumental Set has only one member sm‘‘yu, where μὶ is a variable 
Cs? of any type. In its capacity of a formal number sm“, is only interesting 
when » is an NC; then sm“ gives the corresponding NC in another type, 
provided that » is not A. Also ~ may be a complex symbol which in some 
way involves a variable, e.g. sm‘‘Ne“a is a formal number of the Argumental 
Set: μ 18. called the argument of sm*u. 


The Arithmetical Set consists of w+ v, Xv, μ', H—,v. These formal 
numbers are only interesting when » and ν are also members of NC. Also 
# and ν may be complex symbols, so long as one of them at least involves a 
variable. For example 2576» is a formal number, and so is a+,(3 Ἐν} 


The Primary and Argumental and Arithmetical Sets of Formal Numbers 
are derived from the corresponding sets of variable formal numbers, by 
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ἢ 
adding to them the constant formal numbers obtained by substituting constants 
for the variables occurring in the expressions for the members of the variable 
set in question. 


In the formal numbers of the arithmetical set as written above, « and v 
are called the first components. Thus every formal number of this set has 
two first components. The first components (if any) of the first components 
are also called components of the original formal number, and so on; so that 
components of components are components of the original symbol. 


A formal number of the arithmetical set, whose components are all formal 
numbers, either constant or variable but not belonging to the argumental set, 
is called a pure arithmetical formal number. These are the formal numbers 
which it is important in arithmetic to secure from assuming the value A 
owing to lowness of type. 


The logical investigation of *100 and *101, where typically ambiguous 
formal numbers are used, is directly concerned in investigating the premisses 
necessary to secure various propositions from fluctuating truth-values owing 
to the intrusion of null-values among the cardinals. The convention, necessary 
to avoid determinations of type which we never wish to consider, is as follows, 
where the terms used are explained fully in the prefatory statement: 


IT. Argumental occurrences are bound to logical and attributive oc- 
currences; and, if there are no argumental occurrences, equational occurrences 
are bound to logical occurrences. This rule only applies so far as meaning 
permits after the assignment of types to the real variables. 


In *110, #113, *116, #119 we consider the arithmetical operations of 
addition, multiplication, exponentiation, and subtraction. Also in *117 we 
consider the comparison of cardinal numbers in respect to the relation of 
greater and less. 


There is no interest in complicating our theorems by allowing for the cases 
when a pure arithmetical formal number, whose components are ambiguous 
as to type, becomes equal to A owing to the low type of one of its components. 
Also in the theory of greater and less the possibility of null-values in low 
types has no real interest. Accordingly these are excluded from any con- 
sideration by the definitions 


*110:03-:04, *113:'04°05, *#116-03-04, *117-02°03, 


as far as members of the primary set of formal numbers are concerned; and 
for other formal numbers by the following convention: 


IIT. Whenever a formal number o occurs, so that, if it were replaced by 
Nea, the dominant type of Ne‘a would by definition have to be adequate, 
then the dominant type of σ is also to be adequate. 
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When σ is a pure arithmetical formal number, this convention secures 
that the type of every component is adequate. 


But in arithmetic we also wish to avoid the intrusion of null-values into 
the consideration of equations, so far as this avoidance can be attained by the 
use of high types. Accordingly when we are concerned with the purely 
arithmetical point of view, we add also the following definition and con- 
vention (AT). 


Definition. An arithmetical equation is an equation between pure arith- 
metical formal numbers whose dominant types are both determined adequately. 


AT. All equations involving pure arithmetical formal numbers are to be 
arithmetical. 


This convention is used in *117 and in some earlier propositions which 
are noted in the prefatory statement. 


Its effect is to render the statement of hypotheses often unnecessary. 
Examples of its application to the numbers where it is not used in the 
symbolism are also considered in the prefatory statement. 


In the case of the inductive numbers we cannot logically prove, apart 
from Infinax, that one type exists which is adequate for all the formal 
numbers 0, 1, 2, 3, ete. But we can prove that for any particular inductive 
number, say 521, a type exists for which 521 is not equal to A. Accordingly 
for a given symbolic form, in which the symbolism necessarily has only finite 
complexity, when the types of variables which by hypothesis represent 
inductive classes or inductive numbers, not A, have been settled, it is always 
possible to fix on a type which will be adequate for all the pure arithmetical 
formal numbers produced by the symbolism of the form, and also at the same 
time (and here the peculiar properties of inductive numbers come in) to have 
chosen the original types of the variables so that any of the variables can assume 
the value of any assigned constant inductive number, say 521, without being 
null. 


The result is that we may assume that the symbols representing inductive 
numbers are never null, and thereby obtain the stable truth-values of propo- 
sitions about them. 


Accordingly we proceed as follows: we put 
*126:01. NCind=NCinduct—«i‘A Df 


We make the rule that when NC ind appears, convention AT is always 
applied. The result is that when a formal number is an NC ind we need 
never think about its type, and accordingly all the conventions vanish from 
the mind, as far as pure arithmetical indefinite inductive cardinals are con- 
cerned. We supersede all other conventions by the single one that, if it has 
been proved or assumed that a formal number represents an inductive cardinal, 
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the types are so arranged that that formal number is not equal to A. The 
proofs of propositions in this number consist largely of the production of a 
definite type in which this result is attained. 


The important propositions are 


#12612. k:yeNCind.3.(v+,l) ote NC ind 

*126:121. F.1,2,3,...¢NCind 

*126-13:1415. b:a,8¢NCind.3.a+,8, ἃ x,8, a «NC ind 
#126141. t:a,8eNCind -20.=.ax,8e NCind — Ὁ 
*126°151. k:a,8eNCind—¢0.a+1.=.a%e NC ind — 10-141 


Also *126:442°'43 give the fundamental propositions for subtraction, 
division, and “inverse exponentiation ”; and *126°5°51'52°53 the fundamental 
propositions for the relations of greater and less. 


*126°01. NCind=Ne induct —«i‘A Df 

Whenever the symbol NC ind is used the Rule of Indefinite Numbers is 
adhered to, so that all consideration of distinctions in type among inductive 
cardinals can be laid aside (cf. Prefatory Statement and also the Summary of 
this number). 


*126°011. f:ve NCind.=.veNCinduct—e‘A [(*126°01)] 
#1261. b:veNCind.=.(qa).aeClsinduct.v=Ne‘a.qtv 
Dem. 

+, *120'14. *100-4. *126:011.5 

tive NCind. 2. (qa). v= Nefa.ve NCinduct —1A. 
[*118°01] D>. (qa).v=Ne‘a. Ncfae NC induct —ufA. ἢ ἔν, 
[*120-211] D>. (qa). ae Clsinduct. v= Νοία ἢ ἐν (1) 
ΓΕ. #12021. 9 Ε τ (qa).aeClsinduct. v= Νοία. ἢ ἵν. 

>. (qa). Nicfae NC induct. νΞ Νοία, ἢ ἔν. 
[*120°15.#100°511] >.» NC induct — 1A (2) 
Ε.(1)ὴ. (2). 35. Prop 
*126-101. bi. p,veNCind. ql ya. Di pase. ξευ μαξνυξειμεν 
[*126-1 . *103°16] 

*126:11. /.OeNCind [*120-12.%101°12} 
*12612. t:veNCind.3.(v+,1) an tve NC ind 


Dem. 
F.*120151.3¢:syveNCind. 3.7+,1 ¢ NC induct (1) 
Εν #11766. *118-01.D+:aeClsinduct. v= N,cia.qiv.d.NeCl'a>v. 
[*126-1.*120:429) 2. Ne‘ClfaSv+,1. 
[*103-13.*117°32] D.qi(v+,1)atCl'a. 
[¥103'12.%60°34] D.qi@t.1aty (2) 


Ε. (1). (2). #1261. 3+. Prop 
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¥126121. | .1,2, 3,...eNCind [#1261112] 

This proposition, taken in connection with *120°4232, embodies the con- 
vention named the Rule of Indefinite Numbers and its justification, The 
convention is that 1, 2, 3,... are always in future to be used in existential 
types. In other words whenever any particular inductive number is employed, 
it is determined in a type in which it isnot A. The justification is that by 
*126°11:12 such a type can always be found for each particular inductive 
number. 


The convention is also applied to arithmetical formal numbers in 
*126°13°14°15. 


For all arithmetical and equational occurrences this convention is really 
the outcome of IT, IIT, and AT. 


¥126:18. F:a,8eNCind.=.a+,8eNC ind 
[*¥120-71 . #12671 . *110°3 . *103°13] 


*126:14. b:a,8e¢NCind.>.ax,8eNCind 
[#120°72 .*126-1 . ¥113-25 . *103°13)} 
#126141. k:a,8eNCind—10.=.ax,feNCind—10 
[¥*120°721 . *113°114] 
*126:15. b:ia,@eNCind.>.a%eNCind [*120°73. 116-25. #10313] 
#126151. Fk:a,8eNCind—t0.a+1.2.a%e NCind—10—-—1#1 
[*120°731 . *116°35 . ¥117:592] 
*126-23. FipeNC.qipnta.d. ἢ 125 α δέκα. ἢ Τῷ -ς 1) natta 
Dem. 


Εν #63661 .*116°72.5 

tiweNC.Pepnta.d.Cl* Ben tta (1) 
F.(1).*117°32.9 

F:Hp(1).2>y.3.qism“va tta (2) 
Ε.5117.661791.9 :ῈΡ (1)... Κι΄ ΣΞ μτ,1 (8) 
Ε.(1). (2). (9). Κ]00᾽611.29. Prop 


Ἀ12631. Ετα τ 9 1 ΝΟΙηά.Ξι ας ΝΟΙμα [#126:12°13:'121 .*120-452] 
Note that the specification of the type οὗ a+,1 is omitted in accordance 
with the convention. The reference to *12612 shows that it is always 
possible to apply the convention. 
*126:32. b:aeNC—0-—t'A.veNCind.>d.a+,u>y [*120°428 . #1103] 
#12633. b:.aeNCind.@eNC—t'A.d:a<8.v.a=B.v.a>B8 [#120441] 
*1264. b:.y,v,7eNCind.Iin+,057+,0.5. =p 
[*126°13 .*120°41] 
#12641. |:.u,»,2eNCind. a +0.3:4x,0=)x,o.=. =p 
(*1 20°51 . *126'14] 
R&W II 19 
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*12642, b:.y,v,ceNCind.w+0.3:y7=y7.S. =p 
[*120°55 . *126°15] 

"12643. bi.p,n,0eNCind.w+0.0741.3:c%=0.=.p=7 
(*1 20°53 . *126°15] 

«1265. F:.u,n,e0eNCind.dip+0>v4+,0.5.n>y 

Dem. 
117-561. Dt :Hp.p>v.d.np4+,02r74+,e (1) 
bixl264. ᾿ Db: Hp.pov.d.pt+ aotvi,w (2) 
b.(1).(2). #11726. 3+: Ap.po>rv.d.pt,e>vt,o (3) 
+ .#117°561 . Transp . *117:281.5 
F:Hp.pt+oo>vt,o.d.n(v Sy). 

[#12633] ιν (4) 
F.(3).(4). DF. Prop 

#12651. bi.y,v,e2eNCind.w+0.3:yx,c>vx, 7.2. >p 
[*117-571 . *126°41] 

The proof proceeds as in *126°5. 

#12652. bs.y,y,oeNCind.o+0.3: 47 >77.=.p > 
[*117-581 . *1 26-42] 

#12653. bi.p,y,aeeNCind.w+0.041.30ia0%>ow.=.u>p 
(4117-591 . *126°43] 


PART IV 


RELATION-ARITHMETIC 


SUMMARY OF PART IV 


THE subject to be treated in this Part is a general kind of arithmetic of 
which ordinal arithmetic is a particular application. The form of arithmetic 
to be treated in this Part is applicable to all relations, though its chief 
importance is in regard to such relations as generate series, The analogy 
with cardinal arithmetic is very close, and the reader will find that what 
follows is much facilitated by bearing the analogy in mind. 


The outlines of relation-arithmetic are as follows. We first define a 
relation between relations, which we shall call ordinal similarity or likeness, 
and which plays the same part for relations as similarity plays for classes. 
Likeness between P and Q is constituted by the fact that the fields of P and 
Q can be so correlated by a one-one relation that if any two terms have the 
relation P, their correlates have the relation Q, and vice versa. If P and Q 
generate series, we may express this by saying that P and Ὁ are like if their 
fields can be correlated without change of order. Having defined likeness, 
our next step is to define the relation-number of a relation P as the class of 
relations which are like P, just as the cardinal number of a class ἃ is the 
class of classes which are similar to a. We then proceed to addition. The 
ordinal sum of two relations P and Q is defined as the relation which holds 
between # and y when x and y have the relation P or the relation Q, or when 
# is a member of C“P and y is a inember of ΟἿ, If P and Q generate series, 
it will be seen that this defines the sum of P and Ὁ as the series resulting 
from adding the Q-series after the end of the P-series. The sum is thus not 
commutative. The sum of the relation-numbers of P and Q is of course the 
relation-number of their sum, provided C‘P and C*Q have no common terms. 


The ordinal product of two relations P and Q is the relation between 
two couples z | 2, w Jy, when 2, y belong to C*P and z, w belong to C*Q and 
either «Py or 2=y.2Qw. Thus, for example, if the field of P consists of 
lp, 2p, 3p, and the field of Q consists of lg, 2g, the relation P x Q will hold 
from any earlier to any later term of the following series: 

lg L lp, 29 J lp, lg 4 2p, 29 4 2p, lg ψ Sp, 29 4 Bp. 
It is plain that, denoting the ordinal product of P and Q by P x Q, we have 
COP x Q) = OP x CQ, 
where the second “x” as standing between classes has the meaning defined 
in ¥113'01. 


Infinite ordinal sums and products will also be defined, but the definitions 
are somewhat complicated. 
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The arithmetic which results from the above definitions satisfies all those 
of the formal laws which are satisfied in ordinal arithmetic, when this is 
not confined to finite ordinals; that is to say, relation-numbers satisfy the 
associative law for addition and for multiplication*, they satisfy the dis- 
tributive law in the shape (where the + and x are those appropriate to 
relation-numbers) 

(B+y)xa=(8 x a)+(yx a), 
and they satisfy the exponential laws 
ab x αὐ = afty, 
(af)Y = of*7, 
They do not in general satisfy the commutative law either in addition or in 
multiplication, nor do they satisfy the distributive law in the form 


ax(B+7)=(ax B)+(axy), 
nor the exponential law 
a’ x BY=(ax PB)". 
But in the particular case in which the relations concerned are finite serial 
relations, the corresponding relation-numbers do satisfy these additional 
formal laws; hence the arithmetic of finite ordinals is exactly analogous 
to that of inductive cardinals (cf. Part V, Section E). 


If the relations concerned are limited to well-ordered relations, relation- 
arithmetic becomes ordinal arithmetic as developed by Cantor; but many 
of Cantor’s propositions, as we shall see in this Part, do not require the 
limitation to well-ordered relations, 


* For the associative law of multiplication, a hypothesis is required as to the kind of relation 
concerned. Cf, .174.241'25. 


SECTION A 


ORDINAL SIMILARITY AND RELATION-NUMBERS 


Summary of Section A. 


Two series generated by the relations P and Q respectively are said to be 
ordinally similar when their terms can be correlated as they stand, without 


ed 
e . ᾿ ΓῚ . . —_— p=sials 


Se Q S‘y 

change of order. In the accompanying figure, the relation S correlates the 
members of ΟἿ and CQ in such a way that if «Py, then (S‘x) Q(S*y), and 
if zQw, then (S‘z) P(S‘w). It is evident that the journey from ὦ to y 
(where #Py) may, in such a case, be taken by going first to S‘x, thence 
to Sty, and thence back to y, so that aPy.=.a(S|Q|S)y, te P=S8|Q|S. 
Hence to say that P and Q are ordinally similar is equivalent to saying that 
there is a one-one relation S which has C*Q for its converse domain and gives 
P=8|Q|S. In this case we call S a correlator of Q and P. 

We denote the relation of ordinal similarity by “smor,” which is short for 
“similar ordinally.” Thus 

PsmorQ.= .(q8).Sel71.CQ=(5S.P=8|Q|8. 


Τὸ will be found that the relation S| Q| 8 plays the same part in relation 
to Ὁ in relation-arithmetic as S“@ plays in relation to 8 in cardinal 
arithmetic. 10 is therefore desirable to have a simpler notation for S| Q|S. 
We put 

SQ=S8/Q|S DE 
We shall find that the semi-colon so defined has the same kind of properties 
in relation-arithmetic as the two inverted commas have in cardinal arithmetic, 
Corresponding to the notation S.‘8, we put 


StQ=S|Q|S Df. 
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We shall thus have St= S| 8. It will appear that St has ordinal properties 


analogous to the cardinal properties of S,. Thus eg. where S| ὃ, appears as 
a cardinal correlator, S||Cnv‘St will appear as an ordinal correlator (in each 
case with the converse domain suitably limited). 


The elementary properties of S»Q will be considered in *150, We shall 
then, in *151, be able to study ordinal similarity, taking as our definition of 
an ordinal correlator 


Pamor Q=S [8 ε1- 1. ΟΞ 6.5. - 3550) Df, 
and defining two relations as ordinally similar when they have at least one 
ordinal correlator, ὁ.6. putting (on the analogy of *73) 


smor = PQ {q! PsmorQ} Df 


There is no need to confine the notion of ordinal similarity (or likeness, 
as we shall also call 10) to serial relations. When two relations have ordinal 
similarity, their internal structures are analogous, and they therefore have 
many common properties. Whenever similarity has been proved between 
two classes a and 8, then if @ is given as the field of some relation Q, and S 
is the correlating relation, SQ is like Q, and has a for its field. Hence 
similar classes are the fields of like relations. It must not be supposed, 
however, that like relations are coextensive with relations whose fields are 
similar. This does not hold even when we confine ourselves to sertal relations, 
except in the special case of finite serial relations. 


The definition of relation-numbers (*152) is as follows: The relation- 
number of P, which we call Nr‘P, is the class of relations which are ordinally 
similar to P; and the class of relation-numbers, which we denote by NR, is 
the class of all classes of the form Nr‘P. The elementary properties of 
relation-numbers, treated in *152, are closely analogous to those of cardinal 
numbers treated in «100. 


After a few propositions about the ordinal 0 and the ordinal 2, which we 
call 0, and 2, (#153), we pass to the consideration of relation-numbers of 
various types. It will be observed that “smor,” like “sm,” is a relation 
which is ambiguous as to the type both of its domain and of its converse 
domain. Thus “PsmorQ” only has an unambiguous meaning when the 
types of P and Ὁ are determined. P and Q may or may not be of the saine 
type; the only restriction upon the type of either is that both must be 
“homogeneous” relations, 1.96. relations whose domain and converse domain 
are of the same type. This restriction results from the fact that CQ occurs 
in the definition of “ P smor Q,” and a relation does not have a field unless it 
is homogeneous; hence Q must be homogeneous, and therefore, whatever 


S may be, S| Q|S must be homogeneous, t.e. P must be homogeneous. Thus 
é.g. such relations as D, t, or ¢ are not ordinally similar either to themselves 
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or to anything else. Whenever “ PsmorQ” is significant for a suitable Ὁ, 
we have PsmorP; but if P is not homogeneous, “PsmorQ” is never 
significant. Hence throughout the theory of ordinal similarity, the relations 
of which ordinal similarity is affirmed or denied must be homogeneous. The 
correlators, on the contrary, need not be homogeneous. 


Owing to the homogeneity of our relations, the types of relation-numbers 
are much more easily dealt with than they otherwise would be; for the type 
of ἃ homogeneous relation is determined by that of a single class, namely its 
field, whereas the type of a relation in general depends upon the types of two 
classes, namely its domain and its converse domain. Since, where likeness is 
concerned, the type of the field determines the type of the relation, proposi- 
tions concerning the relations between different typical determinations of a 
given relation-number are, for the most part, exactly analogous to and 
deducible from those for cardinals. In fact, a relation ordinally similar to Q 
exists in the type of P when, and only when, a class similar to CQ exists in 
the type of C*P, we. 

qiNr(P)‘Q.=.qiNe(OP)ycg. 

The half of this proposition follows from the fact that, if P is like Q, C‘P is 
similar to C‘Q). The other half follows from the fact, mentioned above, that 
if 8=C@ and asm 8, then there is a relation like Ὁ and having a for its 
field. Now if α belongs to the type of CP, any relation having a for its field 
is contained in t,“O“P 7 ΟἽ}, Hence in the case supposed there is a relation 
like Q and contained in ¢,‘C‘P 7 4,‘C‘P. But the relations contained in 
t,“C°P fF t<CP constitute P. Hence there is a relation which is like Q and 
is a member of ¢“P, whence our proposition results. By means of this propo- 
sition and those of *102—6, the properties of relation-numbers with respect 
to types follow easily. The conventions IT, IIT and AT apply to relation- 
numbers as to cardinals; they are to be applied in the same way as in the 
analogous propositions of Part ITI, Section A. 


4160. INTERNAL TRANSFORMATION OF A RELATION 
Summary of #150. 


In this number we introduce two notations which have uses in regard to 
relations closely analogous to the uses of Ra and Re in regard to classes. 
These two notations are defined as follows: 


S3Q=8|Q|S Df, 

StQ=S\Q|S8 DE 
We then have +. St+Q= S5Q=S8/Q{S=(SI SQ. 
St@ is merely an alternative to 3930, just as Re“a is an alternative to Ra. 
Also St =8'S, in virtue of 438-01 and #43-01. 


The uses of S5Q occur chiefly when S is a one-one relation and Οὐ C ASS. 
This case is illustrated in the figure in the introduction to this section. Here 
if Q relates ᾧ and y, S?Q relates S‘z and Sty. Thus given a class ἃ similar to 
CQ, if S is the correlating relation, SQ has α for its field, and has, in very 
many respects, properties analogous to those of Q. 


S8>Q is important for many special values of S. For example, let Q be a 
relation between relations; then C*Q will be the corresponding relation of the 
fields of these relations. If Q be any relation, | #'Q will be the corresponding 
relation between ordered couples of which ἃ is the relatum; 1.6. if yQz, the 
relation | “70 will hold between y |] ὦ andzJla. If Qis a relation between 
classes, and we have @Qry, then the relation av3Q will hold between av 8 
and aur. In short, whenever S is a one-many relation, and therefore gives 
rise to a descriptive function, then SQ is the relation which holds between - 
Sty and S“& whenever Q holds between y and 2. 


We introduce one other new notation in this number, corresponding to 
ary in *38. This notation is thus defined: 


Qy=FyiQ Df 

The purpose of this notation is to enable us to proceed to ᾿  "} and other 
5) 

similar notations; or, otherwise stated, to enable us to treat ? ψῦῷ as a function 

of y rather than of Q. Take for example the case of 2 | }Q. We may wish to 

consider various relations x | 3Q, y | Ὁ, where we are to have (say) #Py. To 


express the relation of « | "0 to y | "Ὁ resulting from 2Py, we need the above 
notation. By its help, we have 


e13Q=O4 ey ὍΘ οι 
Hence aPy.= (Q4 ἐκ (1 Ργ(0 ὶ Δ} 
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Thus Q 4 +P is the relation between «| iQ and y | 3Q corresponding to the 
relation P between x and y. ο iP plays the same part in relation-arithmetic 


as is played by αὐ “48. in cardinal arithmetic. 


The notations of this number are capable of occasional uses in cardinal 
arithmetic*, but their chief utility is in relation-arithmetic, in which they 
are fundamental. 

In order to minimize the use of brackets, we put 

RSQ = R(S3Q) Df, 
Bi83Q = RS83Q) Df. 

As an immediate result of the definition of 590, we have 
"15011. /:2(SiQ)y.=.(qz,w).vSz.ySw.zQu 

We have also 


Ww 


*15012. |. Cnv‘SiQ=S5iQ 

*150°13. |. R3S3Q=(R|S)iIQ 

. This proposition, which is the analogue of (P| Q)“y= P“Q‘y (8788), 
15 very often used. We have also 

*150°3. +.S3(QuR)=S3Qu MR 

#15042, +. S3A=A 

The remaining propositions of this number (with a few exceptions) may 
be thus classified : 

(1) Propositions concerning the domain, converse domain, and field of 
SQ (#150°2—-23). Owing to the fact that the chief applications of this 
subject are to cases where Ὁ and SQ are serial, the field of SsQ is more 
important than its domain or converse domain, Thus the chief propositions 
here are 
#15022, :CQC ASS .5.CS3Q = S“CQ 
#15023. +: αρπΞα 5.9. σῷ ΞΉΏ 

The hypothesis C‘Q ( (“5 is verified in almost all applications of S>q. 
When it is not verified, the part of C‘Q not contained in C‘S is irrelevant to 
the value of 5350, The hypothesis ΟἿὉ = (“Ὁ is very often verified in practice, 
since it is verified when S is a correlator of S5Q and Ὁ. 

(2) Propositions concerning relations with limited domains, converse 
domains, or fields (*150°32—-38). Broadly speaking, a limitation on the 


jield of Q is equivalent to a limitation on the converse domain of S, and both 
are equivalent to ἃ corresponding limitation on the field of SQ provided 


* E.g. in *116°53 and following propositions, where the notation Sf was introduced by a 
temporary definition. 
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SeCls—>1. The limitations that occur in practice are limitations on the 
converse domain of S, with consequent limitations on the fields of Q and S?Q. 


The chief propositions on this subject are 

*150°32. +.(ShCQ)3Q=S7Q 

#15035. bs. ye OQ.d,. Ry =S¥id.RIQ=85Q 
(This follows from *150°32 and #3571.) 

#15036. +.(SP8)?Q=S83(QF 8) 

#15037. :SeCls—1.3.S83 (QT A)=(S?Q)0S%6 = (SPB)2Q = [(8B) 15} 79 
(8) Propositions on 590) when S is one-many or many-one (*150-4—56). 

We have 

#1504. +s. 5 εἸξ --Ξ (5. 5: (50) ν΄. ΞΞ. (Π2, 10). ὦ τὸ Sz.y=Sw. zQw 
This proposition is used constantly. Only slightly less useful is 

4150-41. ΕΞ. SeCls—1. 3:0 (SiQ)y «=. (Sx) Q(Sy) 


The remaining propositions of this set are chiefly applications of *150°4'41 
to special cases. 


(4) A few propositions on QF y (*150°6—62), These are immediate 
consequences of the definition. 

(5) A-set of propositions on couples and matters connected with them 
(*150°7-——75). The chief of these is 
*150-71. Ε: 8 ε1} -- ΟἷΒ. 2, ε “5.9. Si(2] w) = (8%) | (Sw) 

This proposition is very often used in relation-arithmetic. Useful also is 
*150°'73. |. 83(aT β)ε δια 1 8.8 

(6) We next have four propositions (*150°8—-83) on S3P when P isa 


power of Q. These belong with the propositions of *92; they are useful in 
the ordinal theory of finite and infinite. We have 


#1508283. b:.SeCls—31:D°QCAS.v.adsQCcass: 5. 
Pot'S3Q = St "Pot!Q. (S3Q)so= 53 Qcq 
It follows that, in the hypothesis supposed, if S is a correlator of P and Q, 
it is also a correlator of P,, and Q,,. 


(7) Propositions concerning the relation S+(*150°14—-171 and *150-9— 
"94). These have uses analogous to those of propositions concerning S,. The 
most important are 


*15014. +. Rt|S+=(R|S)t 

(This follows immediately from *150°18, above.) 
#150141. +. St = Si) 8 

(This follows immediately from the definition.) 
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*15016. +. sRE OA = Rt (8A) = BHA 
This proposition is analogous to s‘R‘‘« = R“s“« (*40°38), 2.6. to 
5.Π εκ = Refste = Rk, 
as appears on substituting ὁ and Rt for s and Re in this variant of 40°38, 


The remaining propositions are mainly of the nature of lemmas, to be used 
once or twice each in relation-arithmetic. 


#15001. SiQ=S|QIS Df 
#15002. StQ=S/Q|S Def 
#15003. QSy=FyQ Df 
Here, as in *38, “$” stands for any sign which, when placed between 


two letters, defines a descriptive function of the arguments represented by 
those letters. Thus for example “?” may represent any of the following: 


αν, A, ω, 1.1, ᾿, ϊ, Tt; l. 
The two following definitions serve merely for the avoidance of brackets. 
#16004, R‘SiQ= RSQ) Df 
*15005. Ὁ «- RSQ) Df 
#1501. Ε- 850. 5108 τῷ] ὅγ0 τ 510 τ ϑ Ὁ 
[Ἀ48112. κ9811.. (Κ16001.Ὁ2}} 
416011. bic(SQ)y.=.(qz,w).aSz.ySw.zQwu [841 .*31-11) 


#15012, .Cav'SiQ= 30 [434°2 . 43133] 
415018. |. R3S3Q=(R|S)3Q 
Dem. 
Εν #1501 . (415005). DF. RIS3Q = RVS|Q|S) 
[#1501] =R|S|Q|S|R 
[434-2] = R| S| Q|Cnv(Rj8) 
[¥150°1] = (R|8)}Q. Dk. Prop 
4150131. +. (RIS)}Q= Ri(S| BQ 
Dem. 
Εν #15013. D+. RVS|.RQ=(R|S| RQ 
[%150°1} = (£S)Q. D+. Prop 


Observe that we do not have (238)}Q = B3(S3Q). 
#15014. Ε΄. Rt|St=(R|S)t 


Dem. 
.*150113.5+. RSQ Ξ αὐ σὺ 0 (1) 
Ε.(1). 8442.9 F . Prop 

This proposition is the relational analogue of *37°34. 
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4150141, F.St= SS [κΙ601.. κ8041] 
#15015. +. Stel—+Cls [#72714] 
#150151. Ε -- (9). Et Sa: SeCls1:3.8tel—1 [#74772 .*150141] 
The following proposition is used in the theory of double ordinal similarity 
(#164°13). 
*150°152. +: Sf 9ἍΟ͵λ ε Cla 1. “Ο΄Οχς 1.5.9. ΘϑΌ ἢ  λε]1- 1 
Dem. , 
bk. 747} τ . 
Ε: Sf sfC“reCls—a1.sSDOACAS. SAAC AS.D. 
(S|S)Paelol 6) 
b. (1). 40°57 . #1507141. +. Prop 


#150153. Ε:- SP 80“ ε018- 1. “Οὐχ CAS. Q, Ber. D: 
SQ=S5R.D.Q=R 


Dem. 
Εν #150152. #7155. Db: Hp. d:SHQ=StR.D.Q=R: 
[%*150°1] 2:9Q=S9R.2.Q=R:.9+. Prop | 


The above proposition is used in dealing with relations of relations of 
couples (#165°23). 
#15016, +. RTA = Εἰ (6) = Br 848 τ #1 501411 | 

The following proposition is a lemma for *150°171. 


#15017. F.(RPA)+=RtIED 


Dem. ν 
Εν L501. DE. (RPAH P =(RPA)| P| OTR) 
[435°354] —R|~{ PPAR 
[κ1601..36:11] = R+(PEX) 
[488-11] = RAE MP (1) 


Ε. (1). #3442... Prop 
*150-171. F:sCOCQCA.D.(RPAPA= RQ. PwMQ=Q 
Dem. 
Εν. Ἀ1601718. 5+. (RE A)THQ = ΡῈ IQ (1) 
b.¥15011. Dh: M(EUQ)N.=.(qS,T).M=Strx.N=TEX.SQT (2) 
ΓΕ. 5817, DE: SQT.D.S8,TeCQ. 


[*37°62] >. 0S, OT e OOF. 
[*40°13] 5. OS σφ COE. OTC sO" OF (3) 
Ε.(8. «=DksHp.>:SQ7.3.05 Cr. OT CR. 

[86-25] >.S~rA=S.7TLrA=T (4) 
F.(2).(4). +: Hp. 9: M([DMQ)N.s.(qS,7).M=S.N=T7.SQT. 
[*13-22] =. MQT: 

[%21-43] >: uQ=Q (5) 


F.(1).(5). 3+. Prop 
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. The above proposition is required in the theory of double ordinal 
similarity. It is used in proving *164°141, which is used in *164°18, which 
is 2 fundamental proposition in the theory of double ordinal similarity. 


The following propositions, on the domain, converse domain and field of 
SQ, are much used, especially *150°202'22'23. +*150-201 is hardly ever used, 
but is inserted in order that the general case may not remain unconsidered. 


#1502. b. DISSQ = SQA. (50 - SQA [43732. 41501] 
4150-201. +. C4S5Q = 8(Qw ζ)γ ἀπ D‘S1(QUQ) 


Dem. 
Εν #1502. 437-22. DF. O6SIQ = S*(QHAES υ QHAES) 
[487-221] = βάρ Qya's 
[¥150°2] =D‘S”(Qu Q) . DF, Prop 


#150-202. Ε. D'SiQ CS“D*Q. ASQ C SHAQ. C1SQ CSORQ 
Dem. 
b. «371516. DE. ρα 0. OWasCag. 


[#37°2.%150-2] DF. DIS5Q C δῷ. αὖ C SHAQ (1) 
[*37°22] Dk. OfS5Q C SCD (2) 
F.(1).(2). DE. Prop 

*150-203. Ε( O4S3Q C D‘8 [150-202 . *37°15] 


#15021. b:G*QCA6S.3.D‘Si3Q=S"D'Q=D(S|Q) [#1502 . 37-27-32] 


4150211, ΕἸ DQCAS.D. ASQ = κα Ὁ = D(S| Ὁ) 
[*150°2 . *37°271'32] 
#15022, Ε: OQCAS.D.C'S5Q=SOQ [H150-21-211 . 437-22] 


In practice, when SQ is used, we almost always have ΟἿ C (‘S. For the 
use of 0 is to obtain a relation analogous to Q and having a different field; 
now §3Q is analogous to Qf C'S, for the part of C‘Q which lies outside (‘8 is 
unaffected by S. Hence if we have, to start with, a relation @ whose field is 
not contained in (‘S, we shall usually find it profitable to limit the field to 
‘8, and consider the transformed relation rather as S3(Q[ (29) than as SQ. 
Thus the hypothesis C‘Q C ‘8 will be verified in almost all useful applications 
of the notion of S3Q. 


#15023. Ε: 0 .- 6.9.2. Οὐ τ 8. [#15022 . 437-25] 
#15024. bs. C'QCHS.D:q!9Q.5.4!10 


Dem. 
b .*37'43 .#150°22.5+:.Hp.diqgiCSiQd.=.q1CQ: 
[*33-24] I: qG1SQ.=.q!Q:. D+. Prop 
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*15025. F:.(y)-E!Sy.3:q!S3Q.=-.q!Q [4150-24 . 433-431] 


«1603. -.S(QUR)=SQU SR [*34°25°26 . *150°1] 
#150301. + ..S3(Q A R) G (559) A (SIR) [*34-23-24 . *150°1] 
«15031. |: PEQ.RCS.3.BPESQ [*B4°34 . 415071] 


The following propositions are frequently useful when we have to deal with 
correlators of the form Sf C*Q, which often happens. 


5, 8, 02, OQ 

Q,R, «a β 
gt ΝΥ 

415033. £:0'QCR.D.(SPAQ=SQ [x35 Ὁ Ὁ 150141 | 


415034. £:D‘QCa.A'QC8.D.S8ha/Q|818= Sa] Qt B= SQ 
[443°5 435-354. ¥150°141-1] 
#15035. F:.y¢C'Q.2,. Ry =S'y:d. BQ = SQ 
Dem. 


415032. Ε.(5} σ0}}0 -- 50 ΕΣ #150141 | 


F.nB85°71. DF: Hp.>.R>OCQ=Sf CQ. 
[434°27-28.4150°1] 3D. (RE CQ)Q =(STCQ)Q. 
[*150°32] >. BQ=SiQ:D+. Prop 
The above proposition, which is the analogue of *37°69, is much used in 
relation-arithmetic. 


The following proposition is much used after we reach the theory of well- 
ordered series, but not before (except in *150°37). 


#15036. F.(St8)Q=Si(QP 8) 


Dem. 
F.*150°11 .*35°101.5 
Ese {(SP AQ} w.=.(qy,z).aSy.yeB.yQz.ze8.wSz. 
[9618] ΞΞ «(τ }, 2). aSy.y(QE 8)2.wSz. 
[%150°11] =.2{S(QE 8)}w: Dt. Prop 


#150361. + .(a1S)3}Q=(SiQ)[ a [Proof as in *150°36] 
*150°37. ΕἼ: δε ΟἹΒ-- 1. 2. (ΟΣ B)=(SiQ)[ SB 
= (SP 8}ὴῸ = {(S“8)1 SPQ 


beae7 4141. 5b: Hp. 3. (SP BQ = {(8*B) 1 SQ (1) 
Ε. (1). #150°36°361 ..>5. Prop 


The above proposition is not used until we reach the theory of series. 


Dem. 
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*15038. F:Sel+1.3.S3S3Q= QE D'S 


Dem. 
Εν. #1501. +. SI8Q= 8|8|Q|S|8 (1) 
Ε.(1). 72.50.50]. : Hp. 9. S3Q= (D‘S)1 QP D‘S 
[*36°11] =Qf D‘S: 3+. Prop 


The above proposition is used in dealing with the correlation of series 
(*208°2), 

*1504. b:.Sel—»Cla.d:0(S3Q)y.=.(qz,w) aS. y=S'w.zQw 
[*150°11 . #71°36] 

This proposition is fundamental in the theory of SQ, because in most of 
the uges of this notion S is one-many. The proposition states that when S is 
one-many, 350 is the relation between the S’s of terms related by @. Thus 
if S is the relation of wife to husband, and Q is the relation of brother to 
brother, S3Q is the relation between wives of brothers. If Q is a relation 
between relations, ΟΡ will be the corresponding relation of their fields; 
and so on. 


415041. bs. SeCls—+1.3:2(S5Q)y. 5. (Sa) Q(S*y) [#150-11 . #71331] 
415042. +. 5:λ-- [#150°1 . #3432] 


The following propositions, down to *150°56, are, with the exception of 
#150°52—535, all illustrations of #150°4°41. 


- - - 
"16δ0ὅ. Ε:α(}}}β..Ξ. (μα, ψ) ἀξ α . β τ ιν 


*15051. ΕἸ: Γ(0}}}β.Ξ. (4, 0). ἀπ ΤᾺ. βε Ὅς. ΡΕΟ 
Ἀ1860511. ΚΕ: α((8})β.Ξ. (4,9). ἀΞ ΠΡ. βΞ Ὁ. ΡΕΟ 
4160612, t:a(CiR)8.=.(qP,Q).a=O'R. 8 =C'°Q. PRQ 
*15052. biac(PiR)y.=.(qP, Q).ceCP. ye CQ. PRQ 


[4150°11 . #3351] 
PR i is a relation which plays a great part in relation-arithmetic. 
*15053. +.2P=P [%50°4] 
4160531. Ε. Pi =P|P [450-4] 
*150'582. Ε. P325Q = PQ [*150°13 . Ἀ50.4] 
*150°534. Ε. CPP =P [*150°53'32] 
4150535. b:C’PCa.>.(ZPaiP=P [¥150'53:33] 
«15054. Fra(R)8.=. (ta) ΕΓΒ) 
4150541. bia (UR)y. =. (ue) Ruy) 
Ε 


#15055. F:Q(L2aP)R.=.(quv).Q=ulz. R=) z.uPv 
R&W II 20 
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415056. £:M(StHQ)N.=.(qX, 7). XQOVY.M=SX .N=SiY 
[«150°415'1] 

1606. Ε. 3 y=2yP [(*150°038)] 

*150°601. Ε..Ρ $ el—»>Cls [*150°6 . 14:21 . *71°166] 

*150°61. | 12(P$y)w.= (u,v). z=uhy.w=vPy.uPv 
[*150°11 . *38°101 , #150°6] 

*15062. Ε: R(PZiQ)S. =.(qz,w).R=fHaP.S=2wiP.2zQw 
[150-4601 6] 

Relations of the form P$5Q are frequently useful in relation-arithmetic, 
especially in the particular case of P 4 0, which takes the place taken by 
a ἰ (β in cardinal arithmetic. Relations of the form P 4 3Q will be considered 
in *165. 

The following propositions are chiefly concerned with correlations of 


couples. They are of great utility in relation-arithmetic. 150-71, in 
particular, is fundamental. 


> -ἡ 

*1507. Ε΄. 53. { w)=S% fT Sw [*55°6) 
*150'71. /:Sel1—>Cls.z,weAS.9.S3(2] w) = (5.2) | (Sw) [*55°61] 
"15072. Fiztuw.SH=a]lzuylw.d.Siz@lwy=aly [*55°62°61] 
*150°'73. |. Si(a 7 8)=S"a TSB [#3782 Ἐπ 
415074. Ε.-(δυ Τῦρ-- ϑ'ρυ Τρυ 5|0|70 ΤΙ [4150-1] 


#15075. F:n(yQy).3.(Sual y)iQ=SiQu sary Tieut at sry 
Dem, 

F.xl1501.3+:Hp.d.(@ly)iQ=A. 

[41 50°74] >.(Sval yiQ=SiQuS|QlyfevalyiQis 

[κὖδ᾽ 57.511] =SiQu ΠΣ τύ φυιῖ sQey : D+. Prop 
The four following propositions belong to the subject of *92, but could 

not be given in that number owing to the fact that they involve the notations 

of *150. They are required for proving that, if S is a correlator of P and Ὁ, 

it is also a correlator of P,, and Q,, (#151°45), and for one of the fundamental 

propositions in the ordinal theory of progressions (*263°17). 

"1508. F:.SeCls+1:D°QCAS.v.dQCAS: Pe Pot'Q:d. 


> S3P ¢ Pot(S3Q) .(S3P)|(S3Q) = Si(P|Q) 
em. 


F.¥91°351. Dt. S3Q € Pot(S5Q) (1) 
Εν 1801. - DF .(SIP)|(SIQ)=S|P|S|S|Q|S (2) 
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b.(2).#71191. Db:Hp.d.(SIP)|(SIQ)=S|P|IPAS|Q|S (3) 
Ε. "50°63. DF: DQCas.d.IPaS|Q=Q (4) 
Εν 50°62 .*91:271. Db: Pe Pot'Q.0QCAS.>.P\IPAS=P (8) 


F.(8).(4).(5). DE: Hp. Pe Pot'Q. >. (SiP)|(SIQ)=S8|PjQ|8 


[1501] Ξ ΚΞ (ΡΊῷ) (6) 
Ε. 491-282. DF: 9 ¢ Pot*‘SiQ.D.(SIP)|(S3Q)e Ῥοϑῷρ (ἢ) 
Ε.(6). (7). Db: Hp. Pe Pot'Q. 9: SiP ¢ Pot'SiQ.>. 

Si(P | Q)e Pot*S5Q (8) 
Ε. (1). (8). #91373 SiP ¢ PottS3Q 5 


oP 

Fi. Hp.3: Pe Pot'Q. Dp. SiP ¢ Pot(S8iQ) (9) 
F.(6).(9). DF. Prop 

*150°81. F:.SeCls+1:D‘QCAS.v.dQCAS: Te Pot SQ: 5. 


(qP).Pe«Pot'Q.T=SiP 
Dem. 


F.*91°351 . 2. (qP). Pe Pot'Q. SiQ=SiP (1) 
F.*1508. Db: Hp. Pe Pot'Q.T=SiP.5.7T|(85Q)=S8i(P|Q). 
[*91°282] >.(qR). Re Pot'Q.T|(SiQ)=SiR (ὦ) 
Ε.(2). 1028. 
Fs. Hp. 3:(qP).PePot'Q.T=SiP.5. 
(qR).Re Pot'Q.T|(SiQ)=SiR (3) 
Εν (1). (8).«91-171 sia τ (12) .Βὲ oF ΞΡ 5 
F: Hp. Ze Pot'SiQ.3.(qP). Pe Pot'Q. T=SiP: D+. Prop 
*150'82. F:.SeCls+1:D°QCA‘S.v. 0° QCdS: 5. Pot'SiQ =St“Pot'Q 
Dem. 
F,*150°8°81 .> 
t:Hp.>. Pot'SiQ=P {(qP). Pe Pot'Q. T= SP} 
. [*150°1] =StPot'Q: D+. Prop 
*15083. b:.SeCls3o1:DQCAS.v. TQCHS:D. (SQ) po =S3Qp0 
Dem. 
Εν *150°82 . (#9105). DF: Hp. 9. (890) = St Potd 
[«150°16.(#91-05)] =83Q,,3D +. Prop 
The following propositions, down to *150°94 inclusive, resume the subject 
of the relation St, which has already been treated in *150°14—171. 


#1509. F.(It)iQ=Q 


Dem. 
F.*15056.3-: MItIQN.=.(qX,Y). XQOY.M=IX.N=I15Y. 
[150-53] =.(qX,Y).XQY¥.M=X.N=Y. 
[*13:22] =.MQY: 3+. Prop 


20—2 


308 RELATION-ARITHMETIC [PART IV 


The following propositions lead up to *150°931-94, which are used in the 
theory of double ordinal similarity (*164'3°21). 


#15001. Ε: s'O"OQCa.D. (IP a)tiQ=Q 


Dem. 
+.*1505385. Dk:3Hp.dsXeCQY.d.([faiX=X (1) 
F.(1).*15056.D+:.Hp.o: 
M{({ha)tiQ}) N.=.(q X,Y). XQOY.M=X.N=!Y. 
[18:22] =.MQN:.3+. Prop 


415092 :SeCls—+1.sO"O'Q CAS. D. 8tiStiQ =Q 
Dem. ΝΜ » 

Εν 1601814, Dt. STtSTIQ=(S!S)TIQ (1) 

Ε- (1). #71191. Db: Hp. d. StiStiQ= (IPAs) t3Q 

[*150°91] =Q: DF, Prop 

4150921. Ε: Se1—>Cls. 9.000} CD‘S.9. StStIP=P 

415098. b:.Sel—+1.sO"OP CDS. sO OEQCAS.D: 

P=StiQ.=.Q=S+tiP [15092921] 
4150931.  : sO" OQ CAS. D. Of OSTIQ = S KOKO 


Dem. 
t .¥150:22. DIE. CStIQ=StHOQ (1) 
. #150221. Db: Hp. d:MeCQ.D.CStM=S"OM : 
[%37-68-11] 5: σι Ὁ τ ϑεσπρίῃ (2) 


Ε. (4). (2).9 . Prop 
*150°932. Ε: ΞΟ CQO CAS. DO. ΞΟΠ ΟΊ ΒΘ = δι CK OD) 
[*150°931 . #37-11 . *40°38] 
#150933. Fs sfC“CQCAS.3. ΞΟ Ὁ Ὁ CDSS = [4150-932 .%37'15] 
*150°94. Fi. Sel 1.3: ΓΘ αι P=StQ.=. 
sCOOP CDIS.Q=StHP 
Dem. 
F.*150983. DIE: sSCOCQCAIS. P=StQ.=. 
ssCOOP CDSS. Κρ ΠΟ. ΡΈ ΡΟ (1) 
I. #150983 Dk :sO“O'P CD'S. Q=SHP. =. 
sO“OP CDIS. sf C“OQ CAS. Q=S8tP (2) 
F.*150°93 . *5°32. 5 
Fi.Sel 1. D286 CCP CDS. SCOCQOCAS. P=SHQ.=. 
CHOP C DIS. CHOCO CAS. Q=SHP (8) 
Ε. (1). (2). (3). DF. Prop 
The above proposition is the analogue of *74°61, which (with a few trivial 
transformations) may be written 


Ε:. 5461 -2 1.9: 09. κι Sez sh CDG 0 = (Sele, 
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In obtaining ordinal analogues of such propositions, S¢ will be replaced by 
St, and the two inverted commas will be replaced by the semi-colon; a class 
of classes « will be replaced, in most of its occurrences, by a relation of 
relations P, but will sometimes be replaced by C“C*P. 

The above proposition (*150°94) is used in proving that the converse of a 
double correlator of P and Q is a double correlator of Q and P (*16421), 
The corresponding cardinal proposition (*111:131) uses *746, which is 
practically the same proposition as *7461, which is the analogue of κ1 5094, 
#15095. F:CRCCla.d.(SPaoiR=IR 

Dem. 

Εν 3 1.42] . Db: Hp.d:8eCR.9.(Sfa"B=S"s. 
[*37°11] >. (8 α)ε!β Ξ δε'β8 (1) 
Ε. (1). #15035. D4. Prop 

The above proposition is used in the theory of “first differences” 
(*170°41). 

*15096. Ε: CSA CUS. 3. DTI S)Pa= ΤΕ DO 

Dem. 
b.al5051. DF: a{D(7T|S)PAls.=. 

(qM,N).NedX.M=T|N|S.a=D‘M.B=D‘N (1) 
Εν. 41.18.5 :-. ὄὀρΡ.2: εκ. 35. UN CAS. 
[*37°321] 2. D«(N|S=D‘N. 
[437°32] >.D(7T!N|\8)=TODSN (2) 
+ .(1).(2).*376.5 


Ετι ρ.9 τα [0.(7}} Δ} β.Ξ. βε Ὅλ. ἀπ 7 β. 


[κ87.101] a (Tet Dr) β τ. DE. Prop 
4150-961. F.3(Ul| W)ehrxa(Ul| Wy per 

Dem. 
b 41504. Db: B (s(Ul Weft A S.=. (qs): Ber.8=s8.R=s(U| WB. 
[443-43] =, (q8). Ber S=H#8.R=(U| WY. 
[13-193.%37-6] =.SesA.R=(U| W'S: Db. Prop 


The above proposition is used in the theory of ordinal exponentiation 
(*176°21). 


"161, ORDINAL SIMILARITY 
Summary of *151. 


In this number, we give the definition of ordinal similarity, and various 
equivalent forms; we prove that ordinal similarity is reflexive (*151'13), 
symmetrical (*151°14) and transitive (*#151°15), and we give some particular 
cases of ordinal similarity (*#151°6 ff.). Propositions in this number should be 
compared with those in *73, to which they are analogous, 


The class of ordinal correlators of P and Q 15 written Psmor@Q, where 
“smor” stands for “similar ordinally.” We put 


Pamor Q=S{Scel71.0'Q=QS.P=GQ} Dé. 
(We might equally well put 
«- — 
Pamor Q=(1 > 1) nGO'QntGP Df, 
which is an equivalent but more condensed form of the definition.) We then 


define “P is ordinally similar to Q” as meaning that there is at least one 
ordinal correlator of P and Ὁ, we. 


smor = PQ (q!Psmor Q) Df. 
We shall find that if P and Q generate well-ordered series, they have at 


most one correlator (*250°6), but this does not hold in general for other 
series, 


After giving the elementary properties of ordinal similarity, we have 
three important propositions on its connection with cardinal similarity, 
namely: (*151°18) if P is similar to Q, the field of P is similar to the 
field of Q (the converse does not hold in general, but holds if P and Q are 
finite serial relations); (*151°19) if ΟἿ is similar to C*Q, there is a relation 
R similar to Q and having C*P for its field, and vice versa; (*151:191) S 15 
an ordinal correlator of P and @ when, and only when, it 1s a cardinal 
correlator of ΟΡ and C‘Q and P=S5Q. 


We then have a set of propositions on correlators of the form S[C*Q 
(*151'2—243). Most of the correlators with which we shall be concerned 
are of this form. The most useful proposition here is 
#15122. F:SPCQel—31.CQCAS.P=S5Q.=.8f CQe Psmor Q 

A useful consequence of this proposition is 
*151:231. F:.(y). E!S'y: SP CQel+1.P=SiQ:3.Sfh C'QePsmor Q 

This consequence is useful because the hypothesis (y) . EH! S‘y is satisfied 
by most of the relations which occur as correlators, 
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We have next a number of propositions on the inferribility of Q= 3 Por 


QESiP from P=SiQ or PESiQ, and connected matters (#15125—29). 
We have 


#15125. +:SeCls—+1.0°QC A'S. P=SiIQ.3.Q=SiP 
415126. Fs. SeCls1.C'QCA'S.3:PESQ.2.SPEQ: 
SQEP.D.QESP 


#15129. b:. PsmorQ.=:(qS):ePy. Izy + (Sx) Q(SY): 
2Qw . Dew» (S*2) P (Sw) 

*151'29 is never used, but is inserted in order to show that our definition 
of “ordinal similarity” agrees with what is commonly understood by that 
term, If P and Q are regarded as serial, so that “#Py” means “a precedes 
y in the P-series,” and “zQw” means “z precedes w in the @Q-series,” then 
our proposition states that two series are ordinally similar when their terms 
can be so correlated that predecessors in either are correlated with predecessors 
in the other, and successors with successors, 1.6. when the two series can be 
correlated without change of order. 


3 


We have next (*151'31—52) a set of miscellaneous propositions, of which 
the most useful are 


#151401. k: TP} C’Pe X smor P. ΤΊ C'Qe Ysmor Q.Se PsmorQ.>. 
T5S « X smor Y 


— — 
#1515. +:SPCQePsmor Q.9.D‘P=S"D‘Q. d'P=S8" dQ. ΡΞ ΚΒ. 

“ a> 

BIP=S"B‘Q 

*151'401 will be useful in such cases as the following: Let P and Q be 
relations between relations, then DiP and DiQ will be the corresponding 
relations of their domains. Suppose DP C‘P, D[C’Qel1—>1. Then, by 
*151-401, if S is a correlator of P and 0, DiS is a correlator of 19} 
and DQ. 

*151'5 shows that if S is a correlator of P and Q, it correlates D‘P with 

- -- vy vy 
D‘Q, ΤΡ with (Ὁ, BYP with BQ, and BYP with BQ. 

Our next set of propositions (*151'53—'59) is concerned with the correla- 
tion of powers of P and Ὁ and kindred matters, We show (*151°55) that a 
correlator of P and Q is also a correlator of P,, and Ὁ...» and therefore if P 
and @ are similar, so are P,, and Q,, (*151'56); we show also (*151°59) that 
if P and Q are similar, so are P, and Q,. These propositions are used in the 
theory of progressions (*263°17). 

The remaining propositions (*151°6 to the end) are concerned with 
applications to particular cases. The most useful of these are 
*151°61. +.¢63PsmorP 
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which shows how to raise the type of a relation without changing its relation- 
number; 
#15164. bec) sPsmorP.(e@])fPC'Pe(e)iP) amor P 
#16165. +.]2PsmorP.( 1 x)f CP e( | @P) smor P 

We prove also that all members of 2, ({.6. all relations of the form x | y, 
where «+ y) are similar (*151°63), and that all relations of the form ὦ | x are 
similar (*#151°681). 
415101. PésmorQ=S8{Sel+1.C'Q='S. P=S3Q} Df 
4151-02. smor= PQ {q ! P amor ΟἹ Df 


1611.  t: PsmorQ.=.(qS).Se191.0°Q=A‘S.P=S3Q [(x151-02)] 
#15111, +:S¢PsiorQ.=.Se131.0Q=M'S.P=S8iQ — [(#151-01)] 
*15112. +: PsmorQ.=.q!PsmorQ [(*151°02)] 
x151121. FIP CQe(Q amor Q) [*72°17 . κῦθ.6᾽ 52. #150°534, #15111] 
*151:13. +. QsmorQ [4151712112] 
4161181. t:S¢Pamor Q.=.SeQsmor P 

Dem. 
Εν ἈΤ1Ὶ219. Db :Sel—+1.3.Sel—91 (1) 


b.*150°13. 3b: P=55Q.3.53P =(8|S)3Q: 

[e71192] Dk: Sel—+1.P=S3Q.3.8)P =(IP A'8)iQ: 

[4150534] Dt:Sel31.0Q=d‘S.P=S83Q.).S3P=Q (2) 
Εν #15023. D+: 0Q=A'‘S. P= S3Q.D.0'P=D‘S (3) 
Εν (1). (2) + (83). κ88921. D 

b:Sel+1.0Q=C'‘S. P=SiQ.>.8el191.0P=AS8.Q=S85P (4) 
8, Q,P 
8, P,Q 
b:Sel+1.CP=8.Q=SIP.D.Se131.0°Q=A8. P=SiQ (5) 
Εν. (4). (5). #15111. 5+. Prop 

*15114. ΕἸ PsmorQ.=.QsmorP [%151:131:12 . *381°52] 


*151:141. Ε: Se PsmorQ.7eQsmor R.D.S|7ePsmor Rk 
Dem. 


Ε. (4) . 31°33. D 


b a1 5111. #71-252.>b:Hp.d.8|Tel ol (1) 
4151-11. #15023. Db: Hp.d.dS=CQ. ΓΤ π 0. ΠΤ ΞΟἿΕ. 
[κ81.393] >.a(8| D=a7.T=OR, 

[*13-17] >. a(S|P)=CR (2) 
ΕΟ ΚΙδΙ 1. >+:Hp.d.P=SiTIR 

[*150°13] =(S| TR (3) 


F.(1).(2). (8). #15111... Prop 
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*151:15. Ε: PsmorQ.Qsmor αὶ. 2. Psmor Καὶ [¥151°141] 


*151:16. |.£Gsmor [*151°13] 
*151:161. | .smor = Cnv‘smor [¥151°14] 
#151162. Ε΄. (smor)* = smor [¥151°15°161 . κ8481] 
*15117. +:.PsmorQ.>:RsmorP.=.RsmorQ [*1511415] 
#15118. F:PsmorQ.3.C*Psm CQ 
Dem. 
b. a1 51°11. 4150-23.5F:Hp.d.(q8).Sela1l. Ὁ ἘΞ ΟΡ. αὐϑ σώ, 
[781] 5. ΟΡ sm OQ: DF. Prop 


¥15119. F:C’PsmC‘Q.=.(qR).CR=C'P.RsmorQ 
Dem. 

F.€73'1 Db: CiPsm CQ. 

[*150°23] 


.(qS).Sel+1.D'S=CP.dS= CQ. 
.(qS).Sela1.0S8=0Q.CSiQ=CP. 
[*13°195] .(qR,8). Sel 71.08 =CQ.R=S81Q.CRaCP, 
{*151°1] (qk).CR=CP.RsmorQ: D+. Prop 


#151191. +}: Se Psmor Q.=.Se6(C*P)sm (CQ). P=S85Q 

Dem, 
F,#151:131:11.5+:SePsmorQ.5.C°P=D‘S: 
[*4°71.4151-:11] DF: SePsmor Q.=.Sel—-1.CQ= AS. P=S3Q9.CP=D‘S. 
[6758] Se (CP) am (CQ). P=SIQ: DF. Prop 
*1512. bF:Sel+1.CQCA‘S. P=SiQ.9.ShCQePsmor Q 

Dem. 


ΠῚ Ul Waa 


ΠΕ ill 


Εν #7129. DF: Hp.d.SPOQel 1 (1) 
+.*35°'65. 95Ε:ἢΡ.9. 5] αρ- (2) 
F.*15032.3+:Hp.d>.P=Sf CQQ (3) 
F.(1).(2).(8).#151-11.35+. Prop 
#15121. +: PsmorQ.=.(qS).Sel171.CQCAS. P=SiqQ [*151°2} 
¥151-22. F:SPCQel+1.CQCAS.P=SiQd. =. Sf C'Qe Psmor Q 
Dem, 


Εὐ #3565 «15032. DE: ShOQe171.0QCHS. ΡΞ 0.9. 
StOQePamor@ (1) 
Εν #15111. #15032. Db: SP OQ e PsmorQ. 9. SP CQel +1. P=SiQ (2) 


Ε.Ἀ1δ111. DE: ΒΓ ΟἿΌ ePsmor Q.d.0°Q=ASf CQ) 
[#35°64] =C0Qnds. 
[22-621] 5. ΘΟ, (6:8 (3) 


F.(1).(2).(3). DF. Prop 
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μ 


4151.28. +: Ῥβίογο.. ΞΞ. (η). δ [ΟἿ ε1- 1 ΘΟ Ο (“5. ΡῈ "0 [*151'22] 
The above proposition (*151'23) is very useful. It is the analogue of 
#73'15. (It should be observed that, in all propositions concerning likeness, 
S3Q plays the same part as S“‘8 plays in propositions concerning similarity.) 
By means of *151°23, we can establish likeness in all those numerous cases in 
which a relation which is not usually one-one becomes one-one when confined 
to a certain converse domain, as for example if we have to deal with Df ea‘x, 
where κε Cls?excl, or with Df Pa‘«, where Pf xeCls—»1. Thus eg. by the 
above proposition, if Q is any relation whose field is Pa‘«, where P[ κε Cls— 1, 
D>Q will be an ordinally similar relation whose field is Ὁ ΖΡ, ἐκ. 
#151231. b:.(y). EE Sy: SP OCQelw1.P=S839:3.S8f C'Qe Psmor Q 
(«151-22 . *33-431] 
#151:232. F:.(qS):(y). Et Sty: Sf CQel1.P=S8:9:5.PsmorQ 
[*151-231-12] 
#15124. bs. (y) E!S'y:y,26CQ. δὲ =S2.3,,.ye2:P=SiQid. 
SfCQePsmor Q.PsmorQ [#7116655 . *33-431 . *151°22°23] 
#151241. F:.Sel—+Cls.CQC T'S: y,2eCQ Sy =S%.d,,.y=2:P=S3Qid. 
SP O@QePsmorQ.Psmor@ [71:55 .#151:22'23] 
#151:242. bs: y, ze OQ. 9, τ S*y=S*2.=.y=21. PH=81Q:. 5. SPCQePsmorQ 
[#71°59 . *151-22] 
#151:243. biry,z2eOQ.d,,: Sy =S%z.=.y=21,.P=89Q:.5.PsmorQ 
[1517-24212] 
#15125. +:SeCls3a1.C'QCAS. P=8:90.3.Q=S89P 
Dem. 
Εν #15018. >+:Hp.d. SIP =(S|S)iQ 
[*7 1-191] = (If αὐ 
[#150535] =Q:2+.Prop 
4151-251. bs. Se1—91.3:CQCAS. P=SiQ.=.0°P CD'S. Q=SiP 
[4151:25 .*150°22 .*37°15] 


#151252. Ε: SeCls31.0°QCG9.3.Q=S595Q  [¥151-25] 


5 
#151-254. :Se1—+ 1.3. 9+ POMC‘ = Cav'{St ὕ 0.8] 
Dem. 
b. 4151-251. 5b: Hp.d:0'QeClKAS. P(SH)Q.=. 
OP ¢ CID‘S.Q(S+) Ps. +. Prop 


This proposition is the analogue of *72°54. «54 means “(Cnv‘S)},” not 
“ Cnv(S4).” 


#151253. t: Sel —+Cls. SPC DS.9, P=SISSP | «151-252 5, 
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#151-26. 


Dem. 


*151:261 


*151°262 


*151'263. 


*151:264. 


Dem. 


#*151:27. 


*161-271. 


bs. SeCls+1.0°QCM‘S.3: 
PGESiQ.D.85PEQ:S3QEP.D.QESiP 

Εν #15031. 3+: PG S3Q.d.S5P ς 550: 

[4151-252] Dt: Hp.d:PESIQ.3.SiPEQ (1) 

Similarly Fr Hp.3:999EP.9.QESP (2) 

F.(1).(2). D+. Prop 

Ε: 8 ε1--) Ο]8. ΟΡ Ὁ) 5.5: 


0ςΚΡ.9.5οεΡιξΡερ.3.}ς8}0 ἘΣ" 


bi. Sel—+1.C°PCDS.CQCAS.9: 
PGSiQ.=.S3PEQ:QESiP.=.S3QEP [*151-26-261] 


Ε:ν δ 61 +1. CPCDS.CQCAS.9: 
Ρεδῦρ.Ο ς ΡΞ ΡΟ. ΟΕ ΡΞ. ΡΞ ϑ50ρ.Ξ. ρΞ 9} 
[#151262] 


bs SPOQel+1.3:PES1Q.QESP.=.P=85Q 


Εν 4150:202.437401. Dt: PESIQ.D.OPCD‘Sp CQ (1) 
+ (1) .#1512625009 5+. Bp. PEsiQ. >: 


QE (C°Q1S)P.=.(SPCQIQEP: 
[415036132] 3:Q E(SIP)E OQ. =.S3QEP: 
[435-9.436-29]D:QGSIP.=.S3Q9EP (2) 
F.(2).%*532.94. Prop 


0) 


b:Sel+1. PESQ.QESP. 

Sel +1.CPCDIS.CQCHS.SPEQ.SQEP. 
Sel —71.0QCAS. P=S5Q. 
=.Sel3+1.0°PC D'S. Q=S5P 
[#151°263 . *5°32 .*150°203 . *4°73] 


(gS). Sel4+1.PESQ.QESP. 


.(qS).Sel—+1.OPCDS.CQC AS. SPEQ.SQEP. 
»~PsmorQ [*151:27-21] 


τ 


Hill 
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*151:28. b:.PsmorQ.=:(qS):SelaliaPy. zy. (Sa) Q (Sty): 
zQw. >, w+ (8.2). (Sw) 
Dem 
b.¥150-41. DF: Sell. 9: (82) Q(Sty ) =. 289 Qy:(S8'z) P(Stw).= 2%Pwr. 
[e231] Ds. @Py. Dey (S'a) Q(S*y) = »PESQ: 
2Qw 2, ws «(82 P(Stw) : =. QGP: 
[#151°27]D τ’ Ρῳ. Dp,y- (Sa) Q(S*y): 2Qw » 3, ὦ « (5.2) P (Sw): = 
OQCUS.P=SiQ (1) 
b. (1). #532. #15121. 95+. Prop 
The above proposition shows that ordinal similarity as we have defined it 
has the properties which are commonly associated with the term “ordinal 
similarity,’ namely that P and Q are ordinally similar when their fields can 
be so correlated that two terms having the relation P are always correlated 
with two terms having the relation Q, and vice versa. 


The hypothesis Se1—+1 is redundant in *151°28; this is shown in the 
following proposition. 


#151281. Ε:ν wPy. Dy y « (S'x) Q (Sy) # 2Qw « De, » (S*2) P (Sw) : 
>. OfP41S=SP OQ. Sf OQ « Pamor Q 


Dem. ω . 
F.*1421.5h:.Hp.d:¢Py.3.E!S@. EISty: 
[*33°352] IiveOP.D.EILSa: 
[x71571] 3: (CP)1SeCls1. CPC DS (1) 
Similarly Fs: Hp.>.8fCQel+Cls. CQCAS (2) 
b.43317. 2b: Hp.d:aPy. 2. Se, SyeCQ: 
[*33°352] D:aeCP.D.8aeCQ: 
[*14°21:26] D:v2eCP. #82. 3.260: 
[*4°71] D:aeCP.c8z.=.00eCP.0¢8z.260Q: 
[*35-1:102] > :(C6P)4 S=(CP)1 STC (3) 
Similarly bk: Hp. >. 5}  Ξ(Ο Ρ) 1 SP CQ (4) 
Ε.(8}. (4). DEsHp.>.(CP){S=SP erg. (5) 
f(1).(2)] >. SPhCQelw1.CQcass (6) 
+ .(6).#35°7.(1).(2).#150441.+:Hp.d.PESQ.QESP. 
[*151-264.(6)] >. P=859 (7) 


Ε΄. (5) .(6).(7).#151-22. D+. Prop 


#15129, bs. PsmorQ.=:(q8):¢Py- Day =(S'x) Q(S*y):2Qw - Degos (S*2)P(S*w) 
[#151-28-281] 
#15131. +: SeCls+1.9Q=SR.0QCHS.CRCHS.D.Q=R 


Dem. ω 
Ε. Ἀ151.252, ΞΕ:ΗΡ.9 . ρ το 


[Hp] = SSR 
[151-252] =R:D+. Prop 
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#15132. F:.PsmorQ.I:qtP.=.q'Q [*151°18 . #7336 . 433-24] 
415133, ΕἸ Se Psmior Q.>.P|S=8|Q.8|P=Q|8 


Dem. 
F.€151-11.2+:Hp.>.P|S=S/|Q|8|S.Sel31.0Q=a58. 
[#72601] >.P|S=8|Q (1) 
Similarly Fk: Hp.3.8|P=Q|8 (2) 


F.(1).(2). DF. Prop 
41514. bs TP CQel—+1.0°P= TOE. Q= DP.D. Th OQe Pamor Q 


Dem. 
Εν 435524874, 2: Hp. d.(C@)1Pel—1.G(0@){T}=CP (Ὁ) 
b. #3638 . DF: Hp.d.Q=(P)t O@ 
[*150°361] = {(C°Q) 1 TPP (2) 
F.(1).(2).#15111.3+:Hp.>.(0*Q)] Pe Qsmor P. 
{*151°131] >. Th O'Qe Pamor Q: D+. Prop 
4151401. Ε: ThO*Pe X smor P.T}C'Qe Yamor Q.SePsmorg.>d. 

TiS eX smor Y 

Dem. 
b.#151131:141.>b:Hp.>. ΤῊ C'P |S|(CQ)1 7 εχ smor Y (1) 
b.#15111:181. D+: Hp.>.D'S=O'P.aS=09Q. 
[*150°34] >. ΤΥ OP|S8|(0Q)1T=Tis (2) 


F.(1).(2). 3+. Prop 
#15141. /:SePsmorQ. ΤΡ OP, TTCQelw1.CPuCQcadyT?.5. 
Τ᾽ e(T3P) amor (T3Q) [*151-401-22] 
This proposition is the analogue of *73°63. 


The following proposition is used frequently both in relation-arithmetic 
and in the theory of series. 


κ1615. -:SPC'QePamorQ.>. 
~ > WY -ν 
DP = SOQ. ΤΡ = SOQ. BP = S“BQ. BP = ΒΟ 


Dem. 
Εν. €151-22.#15021-211. +: Hp.>.D'P=SDQ.a'P=S8aQ. (1) 
[498-101] >. BP =sDQ- sag. 
[437-421.4151-22] >. BP = (Sp O°Q)"D<Q — (Sf O-Q)"AQ 
[471-381.4#151-22] = (SP σρ) Ὁ -- (0) 
[κ98.101 87.421] ot s*BQ (2) 
Similarly t:Hp.9.BSP=S"BQ (8) 


F.(1).(2).(3). D+. Prop 
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415151. +: SPOQe Pamor@. REQ.D.SPC'Re (GR) amor R. SREP 


Dem. 
b . #15122 .*33-265.3+:Hp.d.CRCA‘S (1) 
Ε.Κ151. 39. 71.922, D+: Hp.d.SPCRel—al (2) 
F. #15031 ..*151:22.3+:Hp.d.SREP (3) 
Ε.(1). (2). (8) .*151:22. D+. Prop 
415152. +: PsmorQ.>.RiQCsmor“RUP [κ151.61᾽12:14] 
#15153. +: SPC'Qe Psmor Q. Te Pot'Q.3. 
St CT e( ST) smor 7. 557 e Pot‘P 
Dem. 
Ε. 1608. ΞΕ: Η͂Ρ.2. ST Pot’P (1) 
-.*9127.D+:Hp.d.07TCAS (2) 
F.(1).(2).%151:22. 5+. Prop 
«15154. +: SPCQePsmorQ.5.SfCQeP,, smor Q,, 
Dem. 
Εν #91504. #15122. D+: Hp.d. SP CQ=Sf C,,. CQ, CAS (1) 
b. *150'83 .*151:22.3+:Hp.d. P,, =S'Q,, (2) 


b.(1). (2). #15122... Prop 

*151'55. +: SePsmorQ.3.SeP,,smorQ,, [#15154] 

#15156. +: Psmor Q.5.P,,smor @,, [*151°55] 
#151°56 is used in *263°17. 


The two following propositions are lemmas for *151'59, which is used in 
*263'17. 


#15157. +:SePsmor@.z,weCQ.9.P Sa2HSw) =S8“Q (zHw) 


Dem. 
«-- - = - 
Ε.Ἀ151.38.ὃ5. Db: Hp.d. Py {Ste = ϑ:Ὁ.,..5. Py Sw = δου. 
«- «- 
[9184] 2. PyfS'z = δύ μίσυ USS. 
- - 
Ρϑὼ = SQ, οίσυ δέω. 
«- .-:- - -- 
[*53°31.491:54] > . PyiS& = 8“ Qy 62 . PyfSw = S“Oy‘w . 
{(#121°103)] 9. Ρ(βζει δὴ) =S“Q (zw): D+. Prop 
*151'58. +:Se PsmorQ.3.SfC'Q,¢ P,smor Q, 
Dem. 


F .«15157 .#73'22.3: Hp. D:2,weCQ.d. 

Nef P (S8zHS‘w) = ΝοΟ (σι) (1) 
F.(1). 4121-11. Dt: Hp.2z,weOQ.3:2Q,w. =. (822) P, (Sw) (2) 
+.(2).#150-41. Dt: Hp.d.Q,=S3P,. 
[4151-253,4%121-322] 2. 89,=P,. CQ, CAS (3) 
Εν (83). #151-22.34. Prop 


SECTION A] ORDINAL SIMILARITY 319 


#15159. +: PsmorQ.9.P,smorQ, [#15158] 


The remaining propositions of this number consist of applications to 
particular cases. 


*151°6. + .Cnv?Psmor P.Cnvf C‘P e(CnvP) smor P 
[*151°231 . *31°13 . κ72.11] 
This proposition is only significant when P is a relation between 
relations. 


*151°61. +.uPsmorP [#151232 .%51°12 . κ7218] 


415162, b:C'PC1.D.UPsmorP [52°62 . #151-243] 
#15163. F:e+y.zt+w.d.¢] ysmorz| wal σῶν |  ε(ὦ ὦ ysmor(z | w) 


Dem. 
b.*15072.Db:S=alzuylw.ztw.0.S2lw=aly (1) 
b 472182 . #71242. +: Hp. Hp(1).>.Sell (2) 
Εν κὔδ1ὅ. Db: Hp(1).d. 0S = σι | w) (3) 


Ε. (1). (2). (8). #151111. 55F. Prop 
The above proposition shows that all ordinal couples (¢.e. all members 
of 2,) are ordinally similar. The following proposition shows the same for 
couples whose referent and relatum are identical. 


#151631. t.a2 | esmorz | z 


Dem. 
b.#72182.45515,.Db.¢@) zelral. (Ὁ 2)Ξ Οἵ 4. 2) (1) 
Ε, *55'13. Εν ίω ἢ 4 2} Οπγ(α 4 zu... 
μίω 4 2})4. μ' (ὦ 4 2) 
[*55°13] =.Uu=£e.uU =a. 
[5513] =.u(ala)u’ (2) 
+. (2).*1501. Dh.(a@lL2ay(zel2=elea (3) 


Ε.(1). (8). #1511. 3+. Prop 
*15164. +.2)3Psmor Ρ. (ῳ ψΨ)} ΟἽ ε(ὦ |) P)smor P 
(*72°184 . #5512. 4151-231] 
The following proposition is frequently used in relation-arithmetic. 


*151:65. +.) PsmorP.()2)f ΟΡ ει a P)smor P 
(472-184. #55121 . #151231] 


*152. DEFINITION AND ELEMENTARY PROPERTIES 
OF RELATION-NUMBERS 


Summary of *152. 

The relation-number of P, which we denote by Nr‘P, is defined as the 
class of relations which are ordinally similar to P, ze. 

—_—~ 

Nr‘P = smor‘P. 

Hence our definition 1s 
---Ὁ 

Nr=smor Df 
The class of relation-numbers consists of al) such classes as Nr‘P, i.e. 

NR=DNr Df. 
These two definitions are analogous to those of *100, merely substituting 
“smor” for “sm.” They are justified by similar considerations, and lead to 
similar results. With the exception of *152°7'71'72, the propositions of this 
number are the analogues of those of #100, and call for no remarks other than 
those in the introduction to *100 (mutatis mutandis). 

*152-7°71'72 give relations between relation-numbers and cardinals. 
*152°7, which is constantly used, states that the cardinal number of C‘Q 
consists of the fields of the relation-number of Q, 1.6. the classes similar to 
C*Q are the fields of the relations similar to Q; in symbols, 

#1527. +.NeC'Q=C“Nr‘'Q 

Hence it follows that the fields of a relation-number form a cardinal 
number, 1.8. 

#15271. F:pweNR.D.CweNC 

Hence also it follows that cardinals other than A consist of classes of the 
form Ou, where pw is a relation-number other than A, ἀθ, 
#15272. ΕΚ. ΝΟ -- "Λ τ CNR -- (Δ) 

In 35154:9, we shall show how to remove the restriction to numbers other 
than A, thus arriving at 


tk. NC = CNR. 


415201. Nr=smor Df 
#15202, NR=D‘Nr Df 
#1521. -.NrfP= ἢ (Qsmor P) = 6 (P smor Q) 
[#3211 . (415201). #15114] 
#15211, +:QeNr'P.=.QsmorP.=.PasamorQ [#1521] 
#1522. -F.ELNr‘P [¥152°1 . 1 4°21] 
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#15221. [+.C‘Nr= Rel [*152°2 . *33°432] 
#15222. +. Nrel—Cls [*152-2 .*71:166] 
#1523. +. PeNr‘P [#151:13 .*152°11] 
*152:31. +: PeNr‘Q.=.QeNr‘P [*152°11] 
#15232. +: PeNr‘'Q.QeNr‘R.D.Pe Nh [¥151:15 .*152°11] 
#152321. Ε: PsmorQ.>.Nr‘P = Nr‘Q [*151°17 #15271] 
*152'33. bi: qt Nr’P a Nr‘Q.>.PsmorQ. ΝΡ = Nr‘Q 

Dem b.#15211.#151-14.3+:Hp.>. (qk). Psmor R. RemorQ. 

[#15115] >.PsmorQ (1) 


Εν(1). κι 59.391. 2 Ε- Prop 


#15235. b:.q!Nr'P.v.qiNrQ:3: 
Nr‘P = NrQ.=.PeNrQ.=.QeNr‘P.=.PsmorQ 


Dem. 
b.*24571.5+:.Hp.3:Nr‘P=NrQ.>.qitNr‘Pa NrQ. 
[*152'33] >. PsmorQ (1) 
b.(1).*152°321.3+:.Hp.3:Nr‘P=Nr‘Q.=.PsmorQ (2) 
F. (2). #15211. 9+. Prop 


In the above proposition, the same remarks as to types are to be made as 
in the case of *100°35. If in a certain type Nr‘P and Nr‘Q are both null, we 
have in that type Nr‘P= Nr‘Q, but we need not have Psmor Q. Thus for 
example we shall find that, in the type of x | a, 

Nr“(t*a f Ox) = A = Nr(ta 7 Oa). 
But we do not have 
(βίῳ F tx) smor (δίῳ 7 tx). 


#1524. tiweNR.a.(qP).w=Nr'P [437-7879 . (x15202-01)] 


Note that “Nr‘P,” like “Ne‘a,” is a formal number, and may be subjected 
to the conventions IT, IIT, AT. 


*152-41, +. Nr‘PeNR [4152-42] 

#15242, -ipveNR.gqipav.d.p=v [#152334] 

#15243. +. ΝῊ ε Cis* excl [#15242] 

#15244. bi weNR:qiyv.v.qiNr'P.3:Pey.=.NrP=yp 
[415235°4] 


#15245. -i:weNR.Pep.d.NrfP=yp = [%*152-44. 10°24] 
#1525. tsweNR.P,Qep.>.PsmorQ [*152°31°32°4] 
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#15251. biweNR. Pew. >. smor “p= Nr‘P 


Dem. 
Εν. 971. Ib: Resmorp.=.(qQ).Qew.Rsmord (i) 
F.¥1525. ΕΣ, weNR.Pep.d:Qepn.PsmorQ.=.Qep (2) 
F.(1).(2).3+:. Hp.3: Resmor,.=.(qQ). Qe. PsmorQ.RsmorQ. 
f*l51°17] =.(qQ).Qeu.PsmorQ.RsmorP. 
[(2)} =.(qQ).Qeu.RsmorP. 
[*10°35] =.qtyv.RsmorP (3) 
Ε. #1024. DExn Hp. εἴμ: 
[*4-73] 2:RsmorP.=.q!u.-RsmorP (4) 
F.(3).(4). 3b: ΗΡ.9 : Resmor““.=.RsmorP. 
[#152°11] =.ReNr‘P:. D+. Prop 


#15252. FiweNR.gqiv.D.smor“weNR [152-514] 
The restriction involved in Ἢ ἔμ 18, as we shall see later, not necessary, 
since A e NR in any assigned type. 
#15253, t:iq!tNr‘Q.>.smor“Nr'Q=Nr‘Q 
Dem. 
Ε. 1625]. Dk: PeNrQ.D.smor“Nr'Q =Nr'P (1) 
Ε. #152321 ..3+: Pe Nr‘Q.9.Nr‘P=Nr‘Q (2) 
F.(1).(2). OF. Prop 
#15254. bigqip.qiv.dsweNR.v=smor“u.=.veNR. μ =smory 
{Proof as in *100°53] 
#1526. b.uPeNr‘P [Ἀ15161] 
#15262. ΕἸ ΤΡΕΝΙΕΡ [*151°64] 
*15263. +. J aPeNr'P [*151°65] 
The utility of *152°66263 is that they enable us to raise the type of 
a relation-number to any required extent. Thus Ὁ} gives a relation whose 
field is a class of the next type above that of C‘P, ve. of the type ΟΡ, 
while # 1} gives a relation whose field is {26}, which is of the type 
ἐξ. ΟΡ). If we O*P, or, more generally, if eet,“C*P, this is the type 
#*P, Thus if we put Q=a2|)P, we have 
ἐρ ΞΟ ὦ F CQ) τ FUP) =t(P | P). 
Thus x {}} is a relation whose field consists of terms of the same type as P. 
The following propositions on the relations of cardinals and relation- 
numbers are very important. 


41527. +. Ne“O"Q = C“Nr'Q 


Dem. 
b.#151°19.*%35'942. Dh saeNeCOQ.9.(qR).CR=a.ReNr‘Q. 
[*37°6] D.aeCNrQ (1) 
t.*15118.3:PeNr'Q.3.CPeNcCQ 
[*37-61] DF. ΟΝ C ΝΟ Ὸ (2) 


F.(1). (2). 35. Prop 
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#15271. EiweNR.>.0%yeNC [*152°7] 
#16272. Ε. ΝΟ -- ἐλ = 0(NR — tA) 


Dem. 
bt. *152°71. 


Εν 1527. %50°5°52. 
[*100°45] 

[*37°103] 

b. (2). *10°11°23:35. 
b+. «37°45. 

[*37°103] 
b.(1).(8). (4). DF. 

We shall show in *154°9 
necessary. 


D+. CNRCNC (1) 
DkrweNC.acp.d.CONr(Jfa=NCa, 
>.CONr(Ifa=u. 
9. με. ΝΒ (2) 
Dk: peNC.qtp-I.pweC“NR (3) 
Dei p= Cvigqip.edi giv: 
De: peC NR. gly. d.peC(NR—tA) (4) 
Prop 
that the exclusion of A in *152°72 is un- 


21-——2 


*153. THE RELATION-NUMBERS 0,, 2, AND 1, 


Summary of *153. 


The relation-numbers 0, and 2, have already been defined (in *56), 
though it remains for the present number to show that they are relation- 
numbers. They are the ordinal 0 and 2 respectively, 1.6, they are the ordinal 
numbers of series of no terms and series of two terms respectively. But 
there is no means of introducing an ordinal 1 which shall be analogous to the 
cardinal 1 as completely as 0, and 2, are analogous to 0 and 2. The only 
relations whose fields are unit classes are relations of the form «| We 
therefore put 
415301. 1,-- αὶ ((ᾳκ). τ} a} Df 

The above definition gives the nearest possible approach to an ordinal 1. 
1, so defined is a relation-number, and is the relation-number corresponding 
to 1 in the sense that it is the relation-number of all such relations as have 
a field consisting of one term. But 1, is not what is called an “ordinal 
number,” because this term is confined by usage to the relation-numbers 
of well-ordered series, and «| is not a serial relation. It is essential 
to a serial relation to be contained in diversity; and if, by definition, we 
include «| among series, we introduce more exceptions than we avoid. 
Moreover 1, does not have the kind of properties which we wish 1 to have; 
e.g. 1e+1, is not 2,. 

We do not use 1,, because we shall at a later stage define ν, as the class 
of those well-ordered series whose fields have ν terms, so that 1,= A, while 
0, and 2, have the values ἐλ and ἢ {(qa,y).c2#y.R=a] y}, as already 
defined. On account of this general definition of »,, we choose a different 
symbol for the relation-number 1, and 1, has the merit of being as like 1, as 
possible. 


To illustrate, by anticipation, the way in which 1, differs from proper 
ordinal numbers, we may point out that if 1, is added to 2,, we do not obtain 
3,. We shall define 3, as the class of series which consist of three terms, 1.6, 
the class of relations of the form 

elyvalzuylz, 
where «+y.u+2.y+2. We shall define the sum of two ordinal numbers 
as the ordinal number of the sum of two relations having these ordinal 
numbers (cf. *180), and it will appear that if P and Q are relations whose 
fields have no members in common, then 

PuQuCPT Ca 
has a relation-number which is the sum of those of P and Q. Suppose now 
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P=aelyand Q=zJ|z2, where c+y.x+z2.y4¢2. Then 
PuQulPTOQ=alyvalzvylzuelz 

This is not a member of 3,, because of the additional term z]|z. Thus the 

addition of one term to a series P does not give the same number as results 

from the addition of 1, to Nr‘P. Hence the addition of 1 to an ordinal 

number has to be separately treated*. 

We prove in this number that 0, = Nr‘A (*153:11), that 2,=Nr(A αὶ tz) 
(¥153'24; observe that we have to take a couple of classes (or relations) in 
order to be sure of the existence of two different objects of the class in 
question), and that 1,=Nr(y | y) (#153°32). We prove C“0,=0 (*153'18), 
C2, = 2 (*153°'212), and C1,= 1 (#153'36). We have also C“O=0, (not 
proved) and (1=1,(*153-301). But we do not have CW2=2,; eg. 
(ahbyvyl veCQiferty, but (alyuy]c)~e2,, We have 7!0, (#15312) 
and 11, (#153'34), but from our primitive propositions we cannot deduce 
"7! 2, unless we rise above the lowest type of relations. The case is exactly 
analogous to that of q1!2(cf.*101); we have 


*153'26-262. Ε.ῃ 12, ὦ RI(Cis 7 Cls). q!2,n Rel? 


But if, as monists aver, there is only one individual, we shall not have 
12, in the type of relations of individuals to individuals. Our primitive 
propositions do not suffice to disprove this supposition. 


#15301. 1,=R{(qz).R=x]a} Df 
#1531. b:Pe0,.=.P=A [*56-104] 
#153101. Ε: PsmorA.=.P=A 


Dem. 
F.4151'32.Transp.+:PsmorA.3..q!P (1) 
Fb. #15113. D+: P=A.3.PsmorA (2) 
F.(1).(2). DF. Prop 
#15311. +.0,=Nr‘A [¥153°1101 . #152°1] 
*153°111. +.0,eNR [*152'41 . *153°11] 
#15312. Ε.π10, [51.161] 
#15313. Εὐπ|10, ὦ ΕΒ]. Δ εὐ, ὦ RISR [*613] 
*153'14. #:Nr‘P=0,.=.P=A 
Dem. 
b, #15244. *153-111:12. 5+: NrfP=0,.=.P€0,. 
[4152-1] =.P=A:3+.Prop 


* Of. +161 and «181, where this point is more fully elucidated. 
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*153-15. | .smor‘*‘0, = 0, 


Dem ; 
Εν. €152°51.x153°111°18 . DF. smor“0, = Nr‘A 
[*153-11] =0,.234+. Prop 
#15316. ΕἸ με ΝΕ --μὉ,. 9: Ρὲμ.9». 1} 
Dem. 
+. #15313 .#15242. Di weNR.DiAep.d.p=0;3 
[Transp] D:~+0,.D.Anren (1) 
Ε. (1) .#*25°63. +. Prop 
*15317. t:AeNr‘P.=.Nr‘P=0,.=.Nr°P=Nr‘A.=.P=A 
[41 52°35 . 153-1114] 
«153-18. Ε ΟἿ, -Ξ 0 
Dem. 
b.#53°31. Db. OA = οἱ λ (1) 
Εν. (1) «33°24 . (456-03 . 54°01). . Prop 
#1532. +:Pe2,.=.(qa,y).aty-P=aly [5611] 
#153201. Fi:aty.=.e]ye2, [*56°17] 
*153:202. Ε: P,Qe2,.5.PsmorQ [*151°63 . κ 58:2] 
*153'203. §:Qe2..PsmorQ.).Pe2, 


Dem. 
b.#*113123.5+:Sel—3Cls.z,weT8.3.S83(2] w) = (Sz) | Sw): 
[*55°15] DF:Sel 3Cls. Cz] wy=aS.9. 

Sie | w) =(S'2) | (Sw) (1) 
F.*7156. Dk: Selwl.C(z |w=AS.d:2=w.=.8z=Sw: 
[Transp] Jiztw.s.S2e+S'w (2) 
F. (1). (2). #153201. 
F:Seloliztw.Ciz | wy=AS.P=Si(z2]w).3.Pe2,: 
[*151:1] Dk:ztw.Psmor(z)w).d.Pe2,: 
[¥153-2] Dk: Qe2,.PsmorQ.3.Pe2,: I+. Prop 


4153-21. +:Pe2,.3.2,=Nr‘P [κ158:202908] 
#153211. Frat y.d.2,=Nr(e]y) [¥153-21-201] 


ΠΕ 1 


Ἀ1635212. +. ΟἿ“, - ἢ [κὅ5δ.1δ. #56711 . #54101] 
*153:'22. big !2,nt2.5.q!2(z).=.(qa,y).cty.wet 2 [#153211 . *101°4] 
*153'23. +:Pe2,.2.RISPCO,v 2, [*56'261] 


This proposition illustrates the reasons for not putting 
1,-- δ ((qz).P=a]a} Df. 
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We want the inductive ordinals, like the inductive cardinals, to form a series 
in order of magnitude; but, as the above proposition illustrates, the relation- 
number of such relations as « | « is not in the same series with 0, and 2,. 
The above proposition should be contrasted with *54-411. 


#15324. +.2,=Nr(A Jefe) [4153-211 . #51161] 
#15325. +.2,eNR [4153-24 . 152-41] 


#153°251, Ε. 2, Ἐ0,.3, οι 0,= Δ 


Dem. 
b.%*153-212°18 . *101:3435.25F. C2, + C80, . Οὐ CO, =A, 
[*13°12.Transp.*37°21] D+. 2,+0,. 02,00, =A. 


[*37°45] Db .2,+0,.2,00,=A 
#153:26. +.q!2,a RIS(Cls fT Cls) [*153'24. *152°3] 
#153261. F.A | (@] w)e2, [*55°134. *56°11] 
#*153'262. F.a 12, Rel? {*153°261 . (#61-03)] 
*153-'27. | .2,=smor (2, RI‘Cls) = smor‘(2, a Rel?) 
[*152°53 . #153°26°262:24] 
*153-28. Fsety.9.B(aly=a.BCnv(«ely=y 


Dem. 
> > 
F.%93'101.45515.Db:Hp.3.B a] γγ)ειί. BCnv (al yy=t'y: DF. Prop 
*153°281. b: Pe2,.9. BSP =(D'P. BP =P [#15328 . *55°15] 
The above proposition is used in the theory of series (#204'48). 


#1533. +.1,=9-2,=RK{(qo).R=a] αἱ [*5618.(#15301)] 
4153301, Ε.1,-- 1 [κ168.3.. *5639] 


#15331. ΕὌὦ«} ν ε(ὦ ᾧ x) ὅ1ποῖ (y | y) 


Dem. 
b #72182. #5515. Dhol yel1 1. d(aly=C(yly) ἃ) 


b.*35'89.%551. Dbk.clylyly=aly- 
[%150°1.#55°14] IE.@lyylyaelylyle 
[κ35᾽89.κ65:1] παρᾷα (2) 
b.(1).(2).#151-11.955. Prop 

#153'311. §:Qel1,.PsmorQ.3.Pel, 

Dem. 
b.*153'3.41511.5+:Hp.3. 
(qS,y).Q=ylySelwa1.dS=t'y.P=SiQ. 
[150-71] >.(qS, ν). P=(S*y) | (Sty). 
[*153°3] >.Pel,: 3-5. Prop 
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#*153'32. 
#153'33. 


¥*153°34. 
Dem. 


#153°341. 


*153'35. 
Dem. 


*153'36. 
Dem. 


RELATION-ARITHMETIC 
ΕΝ τῳ | 2) ["15331311] 
b.1eNR [*153°32] 
belly. 1e+0,01¢¢2,01,90,2A+1,02,5A 


b. #1533. Dhol wel, 
[*10°24] Dheatl, 
Εν #5610314. DF.1,00,=A 
F. (1). (2). DF. 1,0, 


Εν #153°301. 456113. Db. 1a COLA 2, 


[#7 2°41.%101-35] Dt.1,n2=A 
[(.)] DF.1,+2, 
F.(1).(2).(8).(4).(5). 9. Prop 


Fi: Rel,.= Nr‘R=1, [#1533334 . 15244] 
F:Rel,~.d.Nef&CR=C Nr R= 1 


|. 55°15 .#1533.D+:Hp.>.NeCR= 1 
b.(1).#152°7 . Db. Prop 


Εν C1, =1 


Εν #158301. Db. C1, = OOK 
[#72'502] =1.3+.Prop 


{PART 1V 


(1) 
(2) 
(3) 


(4) 
(5) 


(1) 


*154. RELATION-NUMBERS OF ASSIGNED TYPES 
Summary of *154. 


This number gives propositions analogous to those of *102. In accordance 
with our general notations for typical definiteness, “Nr(P)‘Q” means “the 
class of relations like Q and of the same type as P,” “Nr(Pg)” means “the 
relation to a relation of the type of Ὁ of the class of relations like it and of the 
type of P.” By aspecial definition, “NR°(P)” is to mean all typically definite 
relation-numbers of the form “Nr (Pg) R,” ὑ.6. all relation-numbers generated 
by the relation Nr(Po9), 1.6, the domain of Nr (P9). 


Existence-theorems in this subject can be proved by means of *154°14, 
which states that relations like Q exist in the type of P when, and only when, 
classes similar to CQ exist in the type of ΟἿ, In virtue of this proposition, 
the existence-theorems of our present topic are deducible from those for 
cardinals, In symbols, this proposition is 


#15414. -:qINr(P)'Q.=.q!Ne(C*P)CQ 
Hence by *102°73 we deduce 

#154242. ΕΓ Ae ΝΕ“ ΟΡ) 

whence, by *152°72, 

#1549. |.NC=C'ONR 


The remaining propositions are chiefly analogues of those in *102. Very 
few of them are subsequently referred to. 


#15401. NRY(X)=DNr(Xy) Df 
#1541, Fig tRifPaNrQ.>.q!ClC'P a NeCQ 


Dem. 
b.*1521.5D+:Hp.>.(qR).REP.RsmorQd. 
[#15118] >.(qRk). REP.CRsm CQ. 
[κ88.265] >.(qR).CRCCP.CRem CQ. 
[Κ1001] 9.4 CCS a NefCQ: D+. Prop 


#15411. bsg ΟΡ a NeOQ.2. (qk). Rsmor Q. CRCOP 

Dem, 
b.*100°1.*73:1.3+:Hp.>.(qS).Sel131.DSSCOP.ATS=CQ. 
{*151°1] >.(qS). DSCOP.SQsmorQ. 
[*150-203] >.(qS).C5S3Q CCP. SQsmorQ: I+. Prop 
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#15412. Fiq!Ri(a faa NrQ.=.q! Clan Ne'CQ.=.Ne‘am NeC 
Dem. 

Ε.Ἀ1541. 859, DkirqtRi(afa)aNrQ.d.q!ClanNcCQ (1) 

Εν. €l541] . 35°92. DF: qiClfan ΝΟ, 9. ἢ ΤΒΙ(α 7 α) Ν (2) 

F.(1)-(2). DF. Prop 


Ἀ164.121. Ε. RI, SCSP 1 ΟΡ) = tP = ty OP 


Dem. 
Εὐπθ4 δ. DE. RIE Ὁ} F t6CoP) = (CoP 7 CP) (1) 
b. #64201. D+ .t{O°P F CP) =t'P (2) 
Εν (1). (2) «#6454. +. Prop 
#154138. ΕΠ ΠΡ ΝΟ ΞΟ a NcCQ.=. ΝΟ ΟἿΣ NcfCQ 
Dem. 
{(έ 
Ε.κ164:12 ΟΡ . ΚΙ δ41921.9 
biqit’Pa ΝΟ .Ξ . αι ΟῚ ΟΡ n ΝΟ Ὁ (1) 


Εν. (1), #63°65 .*117-22.3+. Prop 
#15414. big! Nr(P)'Q.=.q!Nc(C'P)CQ [#15418 . (65-04)] 

In virtue of *154°14 and the propositions of *102, *103, *104, *105, 
4106, we see that all homogeneous or ascending relation-numbers exist, while 
A is a member of every descending type of relation-numbers. Remembering 
that the relations concerned must be homogeneous, we see that there are two 
kinds of steps by which their types may be raised, namely (1) from P to 
relations of the type of t°C*P ΤΉ ΟΡ, we. from P to relations of the type of 
C*P | ΟΡ, or of uP; (2) from P to relations of the type of iP f éP, ve. from 
P to relations of the type of P | P, or of | a P τε ΟΡ. Thus repetitions 
of the two steps from P to UP, and from P to | #?P, where α εἰ ΟἽ}, will 
enable us, without changing the relation-number, to raise its type indefinitely. 
It will be observed that, in accordance with our general definitions for 


relative types, the type of uP is #*C*P, and the type of 4. 4} (where 
wet <OCP) is EP. 


41542. +. Nr(Xy)'Q=P{P smorzyQ} [*65'2. (*152-01)] 
#154201. Ε. Nr(X)°Q = Nr‘Q ὁ ἐκ Χ [Proof as in *102°6] 


#154202. Ε: PeNr(Xy)'Q.=.PeNr(X)Q.Qet'Y.=. 
PeNr'Q.Pet!X .Qet*Y  [#152°2°201 . (*65'1)] 
#154203. F:Qe#Y.D.Nr(Xy)'Q= Nr (X)‘Q [154-202] 
When Ὁ belongs to any other type than ¢‘¥, Nr(Xy)‘Q is meaningless. 


#15421, +. NRY(X)=2 {(qQ).r=Nr(Xy)Q] [(#154°01)] 
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*15422, -.NRY(X)=Nr (ΧΊΟΥ = (n EXON Υ 
Dem. 
FF. #*154-21°202 .> 


Fir.teNRY(X).=:(qQ): Pea.=p.-PeNr(X)'Q.Qet'Y: 


[*63°108.%4°73] - :(Π 0): Qe VY: Perx.=p.PeNr(X)Q: 
[*20°43 ] =:(qQ)-Qet'VY.rA=Nr(X)Q: 
[*37°6] =:re Nr (XUV (1) 


Ε. (1) #154201. D4. Prop 
#15423, ΕἸ AeNR@(P).=.AeNO%(O'P). =. Ae NC(OPY4OQ 


Dem. 
F. #15422.) h:AeNR@(P).=. Ae Nr(P)tQ. 
[5591] =.(qR). RetQ.A=Nr(P)R. 
[*154:14. Transp] =.(qR). Ret Q.A=Ne(OP)CR. 
[*64°24] =.(qR).CRetCQ. A=Ne(CP)/CR. 
[*35°942] =.(qa).aetC'Q. A =Ne(O'P)‘a. 
[*37°6] =.AeNe(CP)*tC?”®. (1) 
[¥102°62] =.AeNC“@(C*P) (2) 


F.(1).(2).9F. Prop 
#16424, £:CQ=tOCP.D.Nr(P)Q=A_ [#102°73. *15414] 


#154241. Ε. ΝΥ (Ρ)1} ΟΡ =A [18494] 
#154242, Ε. Ae NR''?(P) 
Dem. 
Εν 48591. 3b. IP OP GOP OP 
[*63-64] συ Ρ F te O°P 
[*150°22] Ct ΟΡ. ΟΡ (1) 
b.(1).*154121. DF. Dp "ΟΡ et iP (2) 


Εν. (2). 15422241 .3+. Prop 
#15425. £:C'Q=to'O'P.D.Nr(P)Q=A [*10653. 15414] 
4154251, Ε. Ne NR? P(P) 


Dem. 
b .#15423.Db: Ae NRPY PP). =. Ae No(OP)tO(P | P). 
[#55715] =.ANeNe(C'P)tuP. 
[*63°61] =.AeNe(C'P) UP. 
[κ164:191] Ξ- ΔΕ ΝΟ (ΟΡ) ΟΡ (1) 
Ε. (1). κ] 0668. *104-264. 3. Prop 
#15426. b:PetQ.d.q!Nr(P)Q [κ6 4.231. #103318 . #15414] 


#154261. Ε: CP etO'Q.D.qINr(P)Q [104211 . #15414] 
#154262, Ε: ΟΡ ¢ tyC'Q.D.q!Nr(P)Q [x106-21+1 . #15414] 
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The following propositions are concerned with the two particular trans- 
formations from P to UP and from P to «| }P, which are useful in raising 
the type of a relation-number. 


#15431. + .tuP=#*CP 


Dem. 
Εν ΚΙ64191. #15022. 1. P= BIH OP F tO) 
{*63°64] = RM(EC*P 1 ΚΟ ΡῚ 
[κθ64.86] τ ΡῈ Prop 


κ154311.ΕὈ. πΝε( ΟΡ [15431 . #152°6] 
#16432. Ε: σε ΟἽ... ὦ Δ ΡΞ Ρ. ΟΡ ΞΡ 


Dem. 
b. 4154121. ΚΙ] 5022, 5+. te) IP =Ri‘{(t,%a | CSP) Ff (ta | “CXP)} (1) 
F. «64°52. Ihia,yet ΟΡ...“ 0 yet (t6CP FtCP). 
[#154121] 9. νὲ (2) 
F.(2). Diiwet ΟΡ... 1 “OPCEP. 
[*63°21] >t fal “CoP =t'P (3) 
F.(1).(3). D+:Hp.>. te) ΡΈΕΙ ΡΤ.) 
[κ64.56] = pup (4) 
t.(3).(4). 9+. Prop 
#154321. +. qi Nr(e“P)P [*154°32 . #15262. *63'18] 


#164322. Fiwet (CCP. Ὁ. | oP=@P [Proof as in *15432] 
#16433. F:iret{C(P.2.tP Lie Βα Ρ 


Dem. 
b. #15432. +: Hp.d. Pete] “CP. 
[*150°22] 2. Pet {CaloP. 
[#15432] D.UP bie) iP =e | iP 
[*64°23] = O83 ἢ oP 
(*154°32] = ιόῤθα Ο : ΕΓ Prop 


κ164.331. be ΠῚ Νε (eS 7 [κ154.38..κ152.:62...κ68.18] 


κ1δ44. +.Nr(Xy‘Q=P (qS).Sel31.0S=0?9. P=SiQ. 
D'S 6 ΟἿΣ, , TS CoV} 
Dem. 
+, #154202 ..#152'1.> 
Fi. PeNr(Xy)Q.=:(qS). Selo1.aS=CQ.P=83Q0: Pet X .Qet'Y: 
[464-24] :(qS).Se1+1.0'S=0Q. PaSiQ. OP ek OX. 
Ce tC: 

:(qS).Sel—1.d8=CQ.P=S85Q. 

DS t'OX (“5 c HCV 2. DE. Prop 


lil 


(*13°193.%150°23] 
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#154401. +. Nr(Xy)'Q= δα 1 (P amor 0) ὁ t(OX F OfY)] 
[#1544 . 151-11. κ64.68] 

The remaining propositionsof this number (except #1549) are the analogues 
of those whose numbers have the same decimal part in 6102, They are here 
given without proof, because the proofs are, step by step, analogous to the 
proofs of the corresponding propositions in #102. 


#15441. 
#15442. 
*154°43. 
*154°46. 
#15452. 
#15453. 
#154565. 
*154'64. 
#154641. 
*154'8. 
#15481. 
#15482, 
#15483. 


#15484. 
#154°85. 
*154 86. 
*164-861. 
#15487, 
#15488. 


#1549, 
Dem. 


Ε 


τ τ τ τ ττἵ’ τ τ' τ Τ᾿ Τὶ τ "Ἶ 


:PeNr(X,)‘R.QeNr(Y¥,)R.2.PeNr(Xy)Q. Qe ΝΥ 
~PeNr(P p)'P 
~m i Nr(Pp)P 
=>PeNr(Xy)Q.=.QeNr(Vx)P.=.PsmorQd. Pet X .Qet¥ 
sa! Nr(Xy)'Q.>.Nr(Xy)‘Q e NR* (Δ) 
»NRY(X)~ vA CNR (X) 
: Awe NR*(Y).3.NR*(X)— tSA = NR* (Δ) 
sueNR.gip.d.(qP,Q)-w=Nr(P)‘Q 
:peNR.D.(qP,Q).w=Nr(P)Q [15464241] 
:PeNr(Xy)Q.Psmork. Ret'S.3.ReNr(Sy)'Q. Re Nr (Sx) P 
:PeNr(Xy)*Q.D.smor“Nr (Xy)Qat'S=Nr (Sy)Q = Nr(Sx)'P 
smeNRY(X).q!e.2.smor* pn tS ε NR? (8) 
sue NR? (X).v=smorSuntS.qlv.od. 

smor*‘unt{S= smor'y a tS ou = ϑιλοσόν ὦ ἐ ἃ 
:(qP).PsmorX.PetX.Qsmor P.=.Qsmor X 
. smor un tf Y =smory‘‘u 
:u=Nr(X)Q.qla.2.smory “p= Nr(Y)Q 
. smorx*‘smor py“. C smor,y**e 
:p=Nr(VY)Q.q! Nr(X)'Q.5.smorp“u = smorp‘smor,x‘“p 
24=Nr(VY)'Q.q!smorpy.2. 

smorp“‘ = Nr (P)‘Q . smorx'“u = Nr (X)Q. 


smorx“‘4=smor,“smorp“p = smory “Nr (P)*Q 


F.NC=CNR 

F.*87'29. Db: p=A.d.p=C%A., 

[154-241 ] >. we CNR (1) 
b.ed7'29. 3D hive A.D. OCv=A,. 

[*102°73] 2. C%veNC (2) 
Fk. (1). (2).%152°72. DF. Prop 


*155. HOMOGENEOUS RELATION-NUMBERS 


Summary of #155. 


A relation-number is called homogeneous when it is generated by a 
homogeneous relation of likeness, 1,6, when it consists of all relations which 
are like a given relation P and of the same type as P. For the homogeneous 
relation-number of P we write ΝΡ, thus Nyr‘P=Nr'Pat'P. When 
P is given, N,r‘P is typically definite. We have always PeN,r‘P, hence 
m'!Nor‘P. Conversely, if a typically definite relation-number is not null, it 
is a homogeneous relation-number; in fact, if P is a member of it, it is 
ΝΡ, Thus the homogeneous relation-numbers are all the relation-numbers 
except A. 

Homogeneous relation-numbers play the same part in relation-arithmetic 
as homogeneous cardinals play in cardinal arithmetic. The propositions of 
this number (except *155°6°61) are the analogues of those with the same 
decimal part in *103. Their proofs are exactly analogous to the proofs of 
their analogues in 5108, and are therefore omitted. 


The following propositions are the most useful in this number. 
#15511. +:QeN or‘ P.=.QsmorP,.QetP.=.QeNrP.QetP 
This merely embodies the definition, 
#15512. +.PeN,rP 
whence 
#16513. ΕἸ ΠΤ ΤΊ Nor'P 
#15516. ΕἸ Nori P=Nr‘Q.=.NrfP=NrQ 
This proposition is used in the theory of well-ordered series (*253 and 
*255). It requires that the equation “Nr‘P=Nr‘Q” on the right-hand side 
should be subject to the convention AT. Otherwise, the typical ambiguities 
might be so determined as to give Nr‘P = Nr‘Q= A, which would not imply 
Nr P = Nr‘Q. 
#1552. FiweN,R.=.(qP).p=NrPoatP.=.(qP).~=NerP 
This merely embodies the definition of ΝΒ. 
#15522. biweN,R.D. qt 
*155°26. b:.ueNR.3:Pep.=.NarP=4 
#15527. bip=NorfP.=.peNR.Peu 
*155:34. +. NR-iACN,R 
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#1554. +.smor ‘Nr P=Nr‘P 

*155°5. +.0,¢eN,R 

#1556. +.C“N rf P= NicfC8P 


This last proposition connects homogeneous relation-numbers with homo- 
geneous cardinals. 


*155:01. Nor'P=Nr‘PatP Df 
*155:02. N,R=D‘N,r Df 
1551. ΕΟΝῸ ΡΞ (ΝΕ Ρ) -- ΝΣ (ΡῈ -- ΝΥ (ΡῈ 


#15511. :QeNoyr'P.=.QsmorP.Qet®P.=.QeNr'P.QetP 
#15512. +. Pe Nor‘P 

*165°13. ΕἸ ΠΤ ΝΡ 

*15514. +: N,rfP=N,rfQ.=.PeNrQ.=.QeNrP.=.PsmorQ.QetP 
"16515. F:iqiN@rPaN rQ.=-N orf P=N,r'Q 

*165:16. +:N,rfP=Nr'Q.=.Nr'P=Nr‘Q 

#15652, FiweN,R.=.(qP).p=NrPat'P.=.(qP).n=NorP 
*155:21. -F.Nir'PeN,R.N,r'PeNR 

#15522. F:pweN,R.d.q lu 

*155°'23. +.A~eN,R 

*155-24. +. N,Re Cls ex? excl 

#155-25, bi.u,veN,R.O:qivav.=.n=v 

#15526. bi. weNR.3:Pep.=.NorP=p 

#15527. Fip=No'P.=.peNR.Pep 

#16528, +:(qR).RsmorP.p=NxrR.=.qluip=Nr'P 
*155°3. +: QetfP. >. NirfQ=Nr(P)Q = Nr (Ῥ Q=NrQa ἢ 
#155301. Ε. NR? (P)=N,R(P) 

#15631. big INr(Xy)Q.9.Nr(Xy)QeN R(X) 

#15532. +. NRY(X)—ef‘ACN,R(X) 

#15533. +. NR(X)—eACN,R(X) 

*156-34. +. NR—icACN,R 

#15535. Ε: Ane NR*(Y).3.NR?(X)—UA=N,R(X) 

*155°4. &.smor“N,r‘P=Nr‘P 

*165°41. +. smor Nr P atf'Q=Nr(Q)P 

#15542. +: QsmorP.=.Nr(Q)‘P=N,rQ 

#15543. biweNR.D.smor “pai usp 
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*156-44. Fs.p,veN,.R.3:4=smorv.=.v=smor pu 
#1555. &.0,¢eN.R 
#15551. +.2,a RiClse NR 
#155°52. +.2,n δε NR 

The following propositions have no analogue in *103, 
«1556, +. CN rt P = Nich CP 

Dem. 


t.*100°711.*10311 .DbkiaeN cfC'P.=: 
act#O'P:(q8).Sel31.DS=a.0SaOP: 


[#15023 | =:aet'C'P:(qS).Selo31.CSsP=a.0S=CP: 
[186111] =r:aetCP:(qQ).QsmorP.a=CQ: 

[64°24] =:(qQ).QsmorP.Qet'P.a=CQ: 
[415211415511] = sae ΟΝ Ps. D+. Prop 


#15561. F.C NR=N,C [155-6] 


On ascending and descending relation-numbers, propositions analogous to 
those of #104, «105, and #106 might be proved by proofs analogous to those 
given in those numbers. It is, however, scarcely necessary to add anything to 
the propositions already proved, namely *154°24'241'242°25-251 on descending 
relation-numbers, *154'26-261:262'31-311:32°321-322-33:331 on ascending rela- 
tion-numbers, and *155°23:34 giving the relations of non-homogeneous to 
homogeneous relation-numbers. Ascending relation-numbers all exist, and 
those that start from the type of P, wherever they end*, are the corre- 
spondentsf of the homogeneous relation-numbers of the type of P, and are 
only some of the homogeneous relation-numbers of the type in which they 
end. Descending relation-numbers consist of A together with the homo- 
geneous relation-numbers of the type in which they end: they are the 
correspondents of only some of the type in which they begin, or rather, A is 
the common correspondent of all those relation-numbers in the initial type 
which are not correspondents of any homogeneous relation-number in the 
end-type. These properties are exactly the same as in the case of cardinals, 
as might be foreseen by *154'14. 


* We say that Nr (P)‘@ starts from the type of @ and enda in the type of Ρ, 
Τ We call two typically definite relation-numbers correspondents when they only differ as to 
the typical determination, i.e. Nr (X)‘P and Nr (Y)‘P are correspondenis. 


SECTION B 


ADDITION OF RELATIONS, AND THE PRODUCT 
OF TWO RELATIONS 


Summary of Section B. 


In the present section, we have to consider the kind of addition of 
relations which is required in ordinal arithmetic. In cardinal arithmetic, 
if « is a class of mutually exclusive classes, s‘« has the properties required of 
their sum, and thus we do not require a new kind of logical addition before 
dealing with arithmetical addition. But in ordinal arithmetic this is not so. 
Suppose P and Q are the generating relations of two series, and we wish to 
add the Q-series at the end of the P-series. Then we wish every term of the 
P-series to precede every term of the Q-series; thus PwQ is not the 
generating relation of the new series, since Pw Q gives no relation between 
the terms of the P-series and the terms of the Q-series. The relation we 
want is 

PyQuP TC, 
since this makes every term of the P-series precede every term of the 
Q-series. Hence we put 


PHQ=PuQvuCPTtCQ Dé 
It will be seen that P#Q is in general different from QP. 


If ΟΡ and C*Q have no common terms, the sum of the relation-numbers 
of P and Q is the relation-number of P4@ (οὗ *180). 


The addition of a single term to a series requires a new definition, and 
cannot be dealt with as a particular case of the addition of two relations. It 
might be thought that, just as ἃ v τῷ gives the result of adding the one term 
ἃ; to the class a, so P#(a | x) would give the result of adding the one term ὦ 
to the series P. But this is not the case, since, when we add a term toa 
series, we do not want this term to precede itself, whereas P#(«| x) is 
a relation which x has to itself. What we want is ἃ relation which every 
member of C‘P has to « but which 2 does not have to itself; thus we take 
Pw CP f te as our relation, and put 

Pphwx=PulP Tite Df 
This definition defines the generating relation of the series obtained by 
adding # at the end of the P-series; similarly for adding 2 at the beginning 
we put 

eq P=taetCPuP Df. 


R&W II 22 
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If # is not a member of O*P, the relation-number of P +5 a is the sum of the 
relation-number of P and the ordinal 1, which we represent by 1. (The 
ordinal 1 has no meaning by itself, but only as a summand.) 


The sum of a series of series is defined in the same way as the sum of 
two series was defined. Let P be a serial relation whose field consists of 
serial relations. Then the sum of all the series generated by members of 
C*P, when these series are taken in the order generated by P, must be a 
relation which holds between 2 and y whenever either (1) 2 and y both 
belong to the field of one of the series, and x precedes y in this series, or 
(2) « belongs to the field of an earlier series than that to which y belongs. 
In the first case, we have (10). Qe ΟἿ, xQy, 1.6. w(S'C*P)y, In the second 
case, we have (qQ, R).QPR.a2e CQ. ye CR, 16. (τῷ, R).QPR.aFQ. yFR, 
4.6. c(FiP)y. Hence the generating relation of the sum of all the series is 
‘Pu F>P. Hence we put 

P=sCPuPFoiP De. 
The relation =‘P has all the properties which we should expect of the sum of 
a series of series. 


If a series is to result from the addition of a series of series, it is necessary 

that no two of the series should have any common terms. For if we have 
OPR.«ceCQa CR, 
we shall also have ῳ (Σὺ x. 
Hence instead of a series, we shall have cycles; for it is essential to a series 
that no term should precede itself. (What seem to be series in which there 
is repetition are always the result of a one-many correlation with series in 
which there is no repetition, so that a term can be counted once as the 
correlate of one term, and again as the correlate of a later term.) For this 
reason, as well as for many others, it is important to consider relations 
between mutually exclusive relations, 1.6. between relations whose fields have 
no common terms. We put 
Rel? excl = PjQ,ReC'P.Q+R.Don.CQaCR=Al De 
Then Rel? excl has much the same utility in relation-arithmetic as Cls* exel 
has in cardinal arithmetic. We have 
t: PeReltexcl.=. FP ΟΡ eCls—l, 
which is analogous to the proposition (*84'14) 
F:xeClstexcl.=.ef «eCls— 1. 

It will be found that in relation-arithmetic the relation F' often appears 
where ¢ appears in the analogous proposition of cardinal arithmetic. 


Analogous to “smsm” is the relation of double ordinal similarity. This 
holds between two relations P and ᾧ when they are ordinally similar relations 
between ordinally similar relations with known correlators, 7.e. when, if 7 is 
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an ordinal correlator of P and Q, so that P= Τῷ, then if X is a member of 
C*P, and Y is the corresponding member of C*Q, so that XTY, we shall have 
& smor Y, and shall be able to specify a member of Xsmor Y, But as in 
cardinals, so here, we have to frame our definition of double ordinal similarity 
in such a way as to minimize the use of the multiplicative axiom. We there- 
fore take as our definition the following: P and @ are said to have donble 
ordinal similarity when there is a one-one relation S which has ΟἿΣ Ὁ for its 
converse domain, and is such that P=St:Q. A relation S which has these 
properties is called a double correlator of P and Q, 1.6. we put 


Sa A 
P smor smor Q=(1 > 1) a ΟἿΣ a S(P=ST?Q) Df, 
a definition which, as will be perceived, is closely analogous to that of 


«8mSm~A in «111. Two relations have double similarity when they have 
a double correlator, 1.6. 


smor smor = PQ {q!Psmorsmor@} Df 


S is a double correlator of P and Q when S is a correlator of ΣΡ and Σ'Ὸ and 
ΘῈ C*Q is a correlator of P and @. This might be taken as the definition of 
a double correlator, since it is equivalent to the above definition. 


If we assume the multiplicative axiom, we can prove that double simi- 
larity holds between similar relations of mutually exclusive similar relations, 
1.6. between two relations of mutually exclusive relations P and ᾧ which have 
a correlator S such that, if Ye C*Q, then Y and S‘¥ are always similar. In 
this case, SG smor. Thus if we assume the multiplicative axiom we have, if 
P, Qe Rel’ exel, 

P smorsmor Q.=.4! Psmor Q a Ri‘smor. 
In the particular case in which the fields of P and Q consist of well-ordered 
relations (2.6. relations generating well-ordered series), this equivalence can 
be proved without the use of the multiplicative axiom, because two similar 
well-ordered relations have only one correlator, so that the difficulty of selecting 
among correlators does not arise. 


Double ordinal correlators have the same importance in proving the formal 
laws of relation-arithmetic that double cardinal correlators have in cardinal 
arithmetic. The construction of double correlators in various cases constitutes 
a large part of relation-arithmetie. 


In defining the ordinal product of two relation-numbers, and in defining 
exponentiation, we use a relation which has properties analogous to those of 
a 1 “8. This relation is P u 3Q, of which the structure is as follows: Let 2, τῷ 
be two terms having the relation Q; then form the two relations {2}, 
LwiP. The relation | 25. holds between two couples 2 | z and y | z when- 
ever «Py; thus it arranges couples whose referents are members of C*P, and 
whose relata are z,in an order similar to P. The relations | iP and | wiP 

22—2 
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are (by *150°03) the same as Pie and Pw. Thus P Log arranges such 
relations as | 2)P in an order similar to Q. Thus P | "0 is similar to Q, and 
every member of its field is similar to P. Thus the relation-number of P Le 
is Nr‘Q, and every member of its field has the relation-number Nr‘P. More- 
over P ὶ 50), as it is easy to see, is a relation of mutually exclusive relations. 
Hence it is suitable for defining the product of @ and P, and we put 
QxP=2{P JQ Df 

In the next section, after we have defined the product of a relation of relations, 
we shall use the same relation Pog for the definition of exponentiation, 
putting 

PexpQ= Prod‘P | Q Dé 
These two definitions should be compared with those in #113 and *116. 

In virtue of the definition of %, the relation 2‘P | >@ holds between terms 
which either have one of the relations of the form P ΐ z, or belong respectively 
to the fields of two relations P 14 Py w, where σῷ, Thus the relation 
ΣΡ 4 3Q holds between « | z and y 2 whenever xPy and zeC*Q, and also 
between # | z and y|w whenever z,yeC'P.zQw. Thus if, for the sake of 
illustration, P and Q generate finite series, so that their fields are 

1», 2p, ..., pep, 
le, 24» +++; Va, 
then the field of =P | 3Q will consist of the couples 
Ipllg, 2p] le, ., ue 10: 
Ip] 29, 2p] 29, ..., upd 30; 
Ipl vg, 2p hve,» we bve; 
and their order as arranged by ΣΡ. is that in which they are written 


above. Thus the above couples in the above order constitute the series Q x P, 
and it is evident that this series has v x p» terms, 


When the factors of a product are not enumerated, but are given as the 
field of a relation, a new definition of multiplication is required. This defini- 
tion, which has the advantage of being applicable to infinite products, will be 
dealt with in the following section. 


*160. THE SUM OF TWO RELATIONS 


Summary of *160. 
In this number, we introduce the definition 
PHQ= PuQuCPFCQ Df, 

which was explained in the introduction to this section. Although the 
propositions of this and other numbers in this Part do not require that P and 
Q should be such as to generate series, yet the reader will find it convenient 
to imagine them to be such, since the important applications of the ideas of 
this Part are to series, Thuswe mayregard the sum of P and @ as a relation which 
holds between x and y when either « precedes y in the P-series, or 2 precedes 
y in the Q-series, or « belongs to the P-series and y belongs to the Q-series, 


The most important propositions of this number are: 
*16014. +.C“(PRQ)=C°P vu CQ 
*16021. +.PtA=P 
*160-22. -.AtQ=Q 
*16031. +.(P*Q)FR=PAQER) 


which is the associative law, and 

«1604. -F.(PuQ@tR=(PER) (QR) 

which is the distributive law for logical and arithmetical addition; 

*16044. F: OPCS. OCECAS.9.S”(PLQ)=SIPASIQ 

which is also a kind of distributive law; 

«160-47. Ε: C'PaCQ=A.C8P’ aCQ’=A.SePsmorP’.TeQsmor Q’.3. 


Su Te(P#Q)smor (Ρ΄ £Q) 
whence 
*16048. +: CSPaCQ=A.0°P' nC =A. Psmor P’.QsmorQ’.d. 
P#Qsmor PAY 


whence it follows that if P and Ὁ are mutually exclusive, the relation-number 
of their sum depends only upon the relation-numbers of P and Q; 


#1605. +:0°PnC'Q=A.3.(PAQL OP =P.(PLOLCQ=Q 
#16052. b:C’/PaCQ=A.CPaOR=A.PLQ=PAR.D.Q=R 


*16001. PAQ=PuQucPTrog Df 

*1601. F.PEQ=PuQu CPT CQ [(%*160°01)] 
*160°11. bi.c(P#Q)y.=:aPy.v.aQy.v.ceCP.yeOQ [1601] 
*160°111. F:.2(P#Q)y.=:aPy.v.aQy.v.2FP.yFQ [*16011 .*83-51] 
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*16012. Fig !Q.3.D(PEQ=OPUDQ [*33-26 . *85°85 . #1601] 
#16013, Fig !P.3.d(P#Q)=d5P vu CQ 

#16014. +.C“(PRQ)=COP υ τῷ 


Dem. 
+. *33°262.*1601.3+.C( PQ) =OP v CQ uv OOP F CFE) (1) 
Ε. x35'85'86-88. DIt.C(OPTCQ) COP LC (2) 


F.(1). (2). 54+. Prop 


The above proposition is constantly used. The following propositions 
(*160°15-—-161) are not used, but are inserted to show that P#@ has the 
kind of structure that we should expect of a sum. 


-- 2 
#16015. k:q!P.>.B(P4Q)=BYP—CQ 


Dem. 
Εν. κΚΙ601918.9 ΕἸ P.q!Q.d.B(P4Q)=(OPv DQ) —- (AP 6:0) 
- 

[Κθ8:101.κ88161] _ BP —0*Q (1) 
b.x1601.34:Q=A.D.P4Q=P. 

= —_ 
[43037] >. B(P£.Q)= BP 

- 

[κ838:241] -Β.Ρ- OQ (2) 


Εν (1).(8)..9 Εν Prop 
- “ὦ 
4160151, b: q!Q.>.B'Cnv'(P4.Q)= BQ — OP 
-- ~ 
416016. ig! P.BPaCQ=A.d.B(P£Q)=BP [κ16016] 
w > ar 
4160161. ti 10. BOQ aCP=A.D. BCav'(P4.Q)=Bq 


#1602 +. Cnv(PAQ)=QLP [43115 . #3584] 

*160-21. +.PRA=P [35°88 . *25-24] 

*160-22. |. AtQ=Q 

#1603. +.(PAQOAR=PvQu Ru CP tCQuOP Tt CRyCQteR 
Dem. 

b.#160°'141.3 


b.(PEQAR=(PLQ) vu Bo (CPV CQ tOR 
[*160°1.435-41'82] = PuQuO'P fF C'Qu RuCP ft C'Ru CQ f CR. DE. Prop 


*16031. -.(PAO)AR=PHR(QLR) 
Dem. 


F.*160°141.5 
t.PRQFR)=PuQu Ru OPT ΘΟ υ ΟΡ ΘΒ ΟΊ ΟΕ (1) 
F.(1). #1603. D+. Prop 
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«16032. P#QUFR=(PLO)FR Df 
This definition serves merely for the avoidance of brackets. 
*16033. F:PGQ.3.PRRCQAER [*33°265 . *160°1] 
*16034. F:RES.D.QRRCQAS [*33°265 . *160'1] 
*16035. -:PGQ.RES.3.PHQCRFES [*16033:34] 
*1604. |-.(PuQfAR=(PER)v(GtR) 


Dem. 
b.x1601.9+. (PuQtR=PuQu κυ ΟΡ. ΤΕ 
[*33°262.%23'56] =PyRuQu Ru (OP vCQ) TCR 
[*35°41°82] =PuRuQu RuCPtORuCQtcR 
(*160°1] =(P£R)v(QER).3+. Prop 


¥160401. ΕΞ PR(Qu R)=(PLQ) v(PFR) 


The above two propositions state the distributive law for logical and 
arithmetical addition. The three following propositions give the generalized 
form of this law, when $8 replaces Pw@; these propositions are not 
subsequently used but are inserted for the sake of their intrinsic interest. 


*160-41. F:iq!ia.d.srAt R= SERN = KALE) 
Dem. 

Fee4bll Dba (SPR A)y.=:(qP).Per.2(PER)y: 

[*160°11] (QP): Perx:2ePy.v.cRy.viceOP.yeOR: 

[*10°42] =:(qP).Per.aPy.v.(qP).Per.cRy.v. 
(qP).Per.veC*P.yeOR: 

[e411 1.410°35.441-45] = a (Ga)y vig iva. oRy.viceCSrX.yeCR (1) 

Ε . ~-IbiHp.d:.a( FRA). a1 4 (ἐλ)νιν. Ἐν viceCsr. ye ΓΕ: 

[*160°11] =1a(SrARR)y: D+. Prop 


Ut 


#160411. Fiqin.>.PHSA=HPA [Proof as in *160°41] 
*160°412. Frqla.qiw.d. ἐλ Φ ἐμ τι ἐλ δ ἐμ 


Dem. 
F.x160411 Db τα μ.9.. SARS - 8 (GAB (1) 
F.x16041. DhiqtrrA.D. ADA p= safe (2) 
37 


F.(1).(2). Dhrqla.qlyp.d δλ 2 δμ = HAR 
33 

{*42°12] = ssrAR“usDE. Prop 
32 
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The following propositions lead up to #160°44, which is frequently used. 


416042. +.(P£Q)IS=P|SvQ|Su OPT “ΤΟ 


Dem. 
bt. *l601.5+.(P£Q)|S=P{[SuvQ|Su(CP tC) |S 


[437-8] = P|SuvQ|Su OPtS“C@. D+. Prop 
4160°421. Ε. 31(} 8.0) - 5|Ρὺ 5|0 ὦ SOP t OQ 
416043. Ε. 8 Ρ 2 0) - ΦΡὼ βῖρυ SOP t SOQ 


Dem. 
+. #15071 . *160°421.> 


L.SKPLQ) =(S|PuS|Qu SOP tOQ)|S 
[#150-1.437:8] = ΒΡ SIQ uw S“OP 1 S“O*™. Dt. Prop 

416044. Ε:ΟΡΟΠ 5. CQCAS.>.S(PLQ)=SIPLSIQ 

Dem. 

| #16043. 415022. 
br Hp. >. S(P4Q)=S9P w SiQ ὦ (CSIP) F (C*S3Q) 
{*160°1] =Si:P£55Q: 3. Prop 

416045, Ε: SNCO'PuC'Q’)el +1. Sh CP ePamor P’. SP CQ’ eQsmor@’.D. 

SP CP’ £.Q') «(P-4.Q) smor (Ρ΄ 502 


Dem. 
Ε. 161. 22. ΞΕ:ΗΡ.9. ΟΡ’ CaS. Cy’cas.P=SiP’.Q=SQ’. (1) 
[*160°44] a. P£Q=S8(P' 20") (2) 
F.(1).*16014.5+:Hp.3d.0C(P FQ) CaS (3) 
+. *16014. Dk: Hp.d.SfC(P EQ) el 1 (4) 


Ε, (2). (9). (4). #15122. 3+. Prop 
#160451. b: SP O*P’ePsmor P’. STOO eQsmor θ΄. δε ΟΡ -Ο δ Ορ ξλ. 
9.5} OUP 2.0) «(P£Q) ὅποι (δ΄ FQ) 


Dem. 
F. #15122 .*15022.5+:Hp.>.CQ τ σοί, 
{71-381 .%37°421] >. SCOOP’ — CQ) a SUC? =A. 
[*7 4823] 2. SP(COP' v CO@)el—l1 (1) 


+. (1).*16045.3. Prop 
#160°452, Ε: SP C\P’ ¢ P amor P’. 5} C'Q' ε Qsmor θ΄. ΟΡ α Ο0--Δ.3. 
SP CP 4Q') «(P£Q) smor (P' FQ’) 


Dem. 
Εν #15122. ¥150:22. +: Hp. >. OP =S"O'P’. OQ = SC". 
[Hp] >. SOP an SOU=HA. 
[*74'833] >. SPOCUP RO) c131 (1) 


Ἑ.(1). 160.45.2. Prop 
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#16046. F:CP=QS.0°9=A°7.0¢PnCQ=A.35. 
(Su T)(PFQ)=SiPFTIQ 


Dem. 
Εν 6044, ΞΕ: Hp. 3.(Su P(P£Q)=(Su TIPE Su TQ 
(#150'32] ={(Su ΤῊ) COPHPH((Su Τὴ CQ}Q 
[¥35°644.H p] =(SP OPP δ Δ CQO 
[*150°32} =SiP#T3Q:9+. Prop 
#16047, Ε: CPaCQ=A.OCP a CQ =A.SePsmor P. Τ ε Qsmor Q’.D. 
Sw Te(P£Q)smor (Ρ΄ 5 05 
Dem. 
F.#15111:1381.3':Hp.>.DS=CP.DITH=CQ.AS=CP’, 
a‘T=CQ. (1) 
[Hp] »>.DSaDT=aA.dSanMPr=A. 
[#151°11.#71°242] 2.SuTelol (2) 
Ε.(1).κ16014,.2 Ἐ :}».9. ΟΡ Ἐῳφ  Ξα ὅν ΟΤ 
[*33°261] -  !(ϑῳ 7) (3) 
t.*16046.4#151:11.3+:Hp.>,.PtQ=(Su 7». 30) (4) 


F.(2).(5).(4).#151:11.35+. Prop 
#16048, :CSPaCQ=A.CP nC’ =A. Psmor P’. Qsmor Q’.3. 
PFQsmorP FY [*160°47 . *151:12] 
#1605. bF:OPaACQ=A.3.(PEOCP=P.(PEQCCQ=9 
Dem. 
F. #16071 . *36°23.5 
FF. (PRO) OP = PEC Pu (CP TOO ΟΡ. Ql CP 


[¥36:29'33] = Pw {(O'P t OQ) a (C*P FT C*P)} we QE OP (1) 
b.x3631, Dt: Hp.d.QreP=A (2) 
Γι *35'838488. Db: Hp.d.(OPTCQ)A(CPTCP) τὰ (3) 
Εν. (4).(2).(3). DE: Hp. >.(PRONECP=P (4) 
Similarly F:Hp.>.(PRQOECQ=Q (5) 


Ε.(4). (δ). D+. Prop 
¥160°51. 1: O'PaCQ=A.2.(PLOY'= Pu Qu DP tOQu OP Tag 


Dem. 
Ε. κ9478. DE: Hp.d.(PvQy= Pu? (1) 
F.*35'895.>+:Hp.d.(OPTCOP=A (2) 


b.48462. DE.(PLOY=(Pv ρὲ υ (OP F Ὁ. 
v (Pw Q)| (OP t OQ) a (OP 1 CQ) |(PwQ) 


[(1).(2)] =Pu@u(PuQ)|(CP tf OQ) uo (CP F CQ) |(PvQ) ὦ) 
b.43781. Dk:Hp.>.(PwQ)|(CPTCQ=DIPT CO (4) 
b.¥378. Dk: Hp.>d.(O'P FT CQ)|(PuQ=CP tag (5) 


Εν (8). (4). (6). DF. Prop 
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ἷ 


The above proposition is useful in proving that, if ΟΡ n Ο0 τ A, ΡΟ is 
transitive when P and Q are transitive (cf. *201°4). 
#16052. b:OSPaCQ=A.CPaCR=A.PFEQ=PLR.D.Q=R 

Dem. 
F.*160'14.5+:Hp.>d.(PRO)E ( ΟΡ) ΞΡ ὁ) } CQ. 

(PAO) (-OP)=(PRRE OR. 

[*160°5] D>.(PEQEL(-—-CP)=Q.(PERL-COP)=R. 
[Hp] >.Q=R:5+. Prop 

The above proposition is used in dealing with the series of segments of 
a series (#213°561). 


#161. ADDITION OF A TERM TO A RELATION 


Summary of *161. 


The addition of a term has two forms, according as it occurs at the 
beginning or end of the field of the relation in question. If we add first ὦ: 
and then y at the end, the result is the same as if we added ὦ y (*161:22); 
if at the beginning, it is the same as if we added y | «(#*161°221). The 
propositions of the present number are all obvious, and offer no difficulties of 
any kind, As explained in the introduction to this section, we put 

Ppa=PwOPtia Df, 

ad P=tiatO'PuP Df. 
Most of the propositions of this number require the hypothesis Ἢ ! P, because 
if P=A, δι, » τε P= A(«161-2201). This is connected with the fact 
that there is no ordinal number 1. Apart from propositions already 
mentioned, the chief propositions of this number are the following (we omit 
propositions about #<+ P when they are merely analogues of propositions 
about P + 4): 


416112. b.2<t P=Cnv(P α) 
«16114. birqtP.3.0C¢P pae)=OPvta=C(aed P) 
#16115. big iP.cnreC'P.3. 
-- > = wv 
BUP »a)=BP. BCnv(P pax)=a. Bad P)=e@ 
#161211. F.ced(yLa=alyuelzvylz=(alypz 


*161:31. +: PsmorQ.areC'P.yreCQ.D. 
P+pasmorQpy.ag Psmory¢+Q 


41614. b:C°QCAS.2eA'S.8el1—»Cls.3.S8(Q 2) =SIQ Ὁ Six 


#16101. ΡΤ ΞΡ. ΡΤ Df 

#16102. cq PH=tatCPuP Df 

#1611. +. Ppe=PulPT Ue [(#161°01)] 
4161101. teach Pate f OPP [(*161-02)] 
#16111. Fiy(Ppaoa)z.sryPs.v.yeO'P.z=a [1611] 
#161111. b:.y(a@e P)z.ssy=a.zeCP.v.yPz [161101] 
416112. beet P=Cnv(P4>0) [#161-1-101 . #3584. 33-221 
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*161:13. ky DP Ῥ ὦ) = CP . Ca « P) = OP 


Dem. 
Ε.41611.2. 9} pa) =DiP vu DOP Ff iz) 
{#35°85} =D§P uP 
[*33°161] - (1) 
Similarly |.d«e<¢+ δ) Ξ (2) 
F.(1).(2). 5+. Prop 


#161131. Fig 1 P.D.0(P ΡΞ αΡυ ιν. Died P)=DP vie 
[35°86 . *161-1] 
#16114. big! P.D.C(P pa)=CPvuie=C(ad¢ P) [16113131] 
The hypothesis 4! P is necessary in this proposition, since without it we 
have P-pa=A. 
> > -} 
#161141. ΕΠ 1 }.2. ΒΡ -. ͵)ΞΒ.Ρ-- "α«. ΒΟ ν(Ρ pax) =a -- CP 
{#161:13°131 . *93°101] 
#16115. bit P.anre CP... 
> > — v ᾿ 
BYP +2)= BP. B Cov (Ρ -" α)τ α. Βίί(ῳ « P)=a [κ161141] 
#16116. Ε:φοε ΟΡ. 5. (Ρ.Ὸ ΔΓ ΟΡ -  (Ρ-Ρ οι - ΞΡ  [*1611] 
The above proposition is used in the theory of connected relations 
(#202°412). 
#161161. b:areCP.D.(24 ΡῚ OP Ξ ῳ « PY (-Ἠι)Ξ 
The two following propositions are frequently used. 
*161:2, F.A+sa2=A_ [#85-75'82.%161-1] 
#161201, F.c<epA=A 
*161-21. F.(a@lypz=alyualzuy)z 
Dem. 
Εν. 1611. κ515. 9 Ε. (ὦ γν)ὺ)  ῬΖξα  γυ (Uavey) Tue 
[*35°82°41.455°1] =alyvalzuy|z. d+. Prop 
Note that« |ywa)zwy|z is the relation which orders ὦ and y and z 
in the order a, y, z. 
*161:211. F.cee(y| a=clyvalecvy|z=elypz 
[Proof as in *161-21] 
#161212. Ppaepy=(Ppa2)py Df 
#161213. c<-ye Paced(yd P) Df 
These definitions serve merely for the avoidance of brackets. 


#161:22. big! P.D.(Ppa)py=PHR(cly) 


Dem. 
b.l6ll41.3+:Hp.d.(Pp2)py=PuCP fieu (CP vita) Fiity 
[*35°82-41 | =PulP Tau P fy utts fF ify 
[*35°82°412] =PulP FT (Ueuey) wee fF efy 
[#55°1°15] =PyulPTC(alyvaly 


[5160] =PAH(ely):>+. Prop 
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*#161-221. ΕἸ gi P.d.ce (ya δε {}8 
*161:23. Fiq!Q.3.(P£Q) py=PE(QHY) 


Dem. 
bt. #161:14°1. «#16071. DF :Hp.2. 
PEQpy)=PvQulQTvyu CP T(CQ vty) 


[#35°82°412) =PyuQulPTCQu OP Tifyu CQ iy 
[*160°1] =PHRQYOP Fe'yu COT ety 

[*35°82-41 4160-14] = P*QWO(PLQ) Tety 

[*161-1] =(P#Q)py: dt. Prop 


#161231. F:q!P.D.c4 (PLQ)=(e@4 P/Q 
#161232. Fig LP.WiQ.>d.PR(et¢ Q=(PpatQ 


Dem. 
F .#161:14101.*160°1.5+:Hp.>. 
PH(ad¢ Q=PuiatCQuQu CP Fev CQ) 


[435-82°412] =PuOPticuQuO'P Tt CQuiet O° 
{4161°1°14,495°82°41] =(Ppa)vQu 0(P p22) t ΟὉ 
[*160°1} =(P-+a)£Q:3+. Prop 
#16124. F.ce (Ppy=(@4¢P)py 
Dem. 


Εν. Χ16110114.5Ἐ τὴ P.>. 
ee (P+ry=auat (CP vilyye Pu OP fity 


(*35°82 412] =UeT OPwuPut’«fuyu OP fF ify 
[κ8δ᾽89.41..16110114] =(04t P)w σα « Ρ)}ῳ 
[#1611] =(oe P)py (1) 


Εν #1612201. 3¢:P=A.d.c¢¢(Py)=A.(24 P)py=A (2) 
F.(1).(2). 34. Prop 


#16125. ΕΠ tP.q!iQ.3.(Ppat(iyd¢ Q=PRolLytQ 

Dem. 
F.*161:14.%160°1.5 
t:Hp.d.(P-pat(yt Q=(P-a) oly Qo (OP vita) t(CQv ey) 


{*161-1:101] =PulPticurytOQuad 

o (OP vita) (συ (Ὁ) 
[*35°82°41°412] =Pu OP ft (iia vity) vu ofa Fityud 

Ww (OP uta tty) F O° 
[¥#55°15°1.%#160°141} ={PAtalypuQuciPr(a] y)} TC} 


[*160-1.(*160°32)] =PH(ely$Q:ot. Prop 
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#16126. Fecet lye (zh wj=@lLyFtelw=(elypapy 


=le¢ (yl aj}pu 
Dem. 
+. #161221 .*551384. Db. 2d [yd (zl wh =(@lytely) 
{#161°22.%55°134] ={(aly)b2pw 
[*161-211] ={xet(y] 2} Ῥσ. 9 Prop 


The following propositions lead up to *161°33. 


#1613. Fin !Q.SePsmorQ.a~e CP .yrwe OQ .D. 


Sualye(Ppax)smor(Qpy) 
Dem. 


+. #151-11131.3+:Hp.d.Se191.0Q=A'S.P=SiQ.0°P=D‘S (1) 
b.(1).*5515. DE: Hp.d.D'SaD(aly=A.dS8ud(aly=A. (2) 


[#72°182.%71-242] >.Svalyel—l (3) 
b."55°15.#15111.3+:Hp.d.d(Sualy)=CQu ty 
[4161-14] =0(Q-py) (4) 


Ε.(1).(2). κ84801. DF: Hp. 9.(α Ly) |Q=A.QlypaHA. ᾿ 
(aL (OQ Tutyy=A.(CEQT Uy) |S=A. 
[434-25-26] >. (Suely)|(QuOE try) =S|(Qu ΟὉ Try). 
(QUCOT UY) yl euvS)=Q/ Su (COT ey) |(y | 2) 
[435°89.455°1] =Q(Su0Q tue (5) 
b.(5).#1501.3+: Hp.>d.(Sva] p(Qu ΟὉ 1...) =S|{Q| Su OQ te'a} 
[4150-1] = SiQu S|CQ tute 
(#37°81.(1).#150°23] =PulPtia (6) 
F.(6).#161-1.D+:Hp.d.(Sucl yi(Qpy=Ppa (7) 
Ε. (8). (4). (7). #15111. D+. Prop 
#161301. Ε: ΤῸ. Β΄. Pamot Q.ane OP. yre OQ.» 
abyw Se(a<t P)smor (y+ Q) 
#16131. +: PsmorQ.cnreCP.yreCQ.3. 


PpeaesmorQpy.«ce Psmory4 Q 
Dem. 


F.*161°3'301 .*151:12.5 

t:Hp.g!Q.5.P+esmorQpy.cd¢ Psmory¢ Q (1) 
F . #151°32 . *161:2:201 .> 
F:Hp.Q=A.>.Ppa=A.Qpy=A.cg¢ PHA.yHt QaA. 
[*153°101] 2.P-+pa«smorQpy.ac¢ Psmory+ Q (2) 
F.(1).(2). D+. Prop 
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#16132. bq! Q.are OP. yre CQ. Se(P 42) mor (Q-py).>. 


Sft(—t'y)e Psmor Q. #Sy 
Dem. 


Εν. #1515. #16115 .3+:Hp.>. «Sy (1) 
Ε. (1). #1501. 3+: Hp. : u{Sp(—ey)iQho. 
-(q2z,w).z2(Qpy)w.utec.vu$e.uSz.vSw, 


[4151-11] =.utc.v+a.u(Ppx)v. 

(*161-11] =.uPv (2) 
b. 43564. ΞΕ: Hp. >. Sp (—ce'y) =O(Q py) τ ἶἰν 

[#161+14°2] = 00) (3) 
.(1).(2).(3). DF. Prop 


#161321, bq! Q.ave OP. yre CQ. Se (ae P)smor (y+ 0)... 


St (—tfy)e Psmor Q. eSy 
#16133. bs.anreO'P.yre C'Q.3: 


Psmor Q.=.(P «)smor(Q py). =. (ὦ + P) smor (y + Q) 
[4#161°3132'321-2-201 . #153101] 


The above proposition justifies addition of 1 or subtraction of 1 in ordinal 
arithmetic. 


The following proposition (#161°4) is much used, 

#1614. F:C°'QCAS.2eA'S. Sel +Cls.3.81(Q 2) τ 0 Sax 
Dem. 

F. #1611. 1503. Db. 83(Q +2) =S7Q vw 55(Ο F ef) 


{*150°73] = 55Q w (SCQ) 7 (δὴ) (1) 
Εν (1). #15022 . 453-31. Db: Hp. d. 85(Q 490) = S3Q wv (O685Q) f (“5:) 
{*161-1] = 830 - Sia: Db. Prop 


#16141. +: 0°9OC US. aeA'S.Se1—»Cls.>. Sia e+ Q) = Saat 570 
416142. b. Ly Qpa)=LyQp (ely) [1614 . 55-21. #72184] 
#16143. |. Lye@t Q=@lya Lyd 


4102. THE SUM OF THE RELATIONS OF A FIELD 


Summary of #162. 


The form of summation defined in *160 cannot be extended beyond 
a finite number of summands, since it involves explicit mention of all the 
summands. In the present number, we shall be concerned with a form of 
summation which is not subject to this restriction. It will be observed that, 
since relational summation is not permutative, we cannot define the sum 
of a class of relations, for this would not determine the order in which the 
summation is to be effected. Our relations must be given as the field 
of some relation which orders them; thus the sum appears not as the sum 
of a class, but as the sum of a relation, namely of a relation whose field is the 
relations to be summed. In the case of two relations Ὁ and R, the sum of 
Q | ΚΕ, as defined in the present number, will be equal to Q#.R; similarly for 
three, the sum of QJ Ru Q| Su RIS will be equal to Ὁ 5 AFS, and so on 


for any finite number of summands. 


As explained in the introduction to this Section, if P is a relation between 

relations, we put 
Σ ΡΞ ΟΡΟΡΡ Def. 

It is convenient to suppose that P is serial, and that every member of C*P is 
also serial. Then =‘P holds between # and y if either (1) there is a series, 
in the field of P, in which « precedes y, or (2) ὦ belongs to a series which is 
earlier, in the P-series, than the series to which y belongs. The following are 
the chief propositions of this number: 
#162°22-'23. Ε, ΟἿΣΡ = sO'OOP = OS OP = FOCP = Fp 
#16226. +.2(PuQ)=>'Put@ 
#1623, -F.S(Q) R)=Q4R8 
#16231. |. S°Qt2°R= S(QFR) 
*16234 F.=°S3P=2°2‘P [Associative.Law. Cf, *42°1.] 
#16235. Ε: COSQCUR.D. Σ ΚΤ Ὁ = ΕΣ Ὁ 

This is the analogue of *40°38, (Cf note to *162°35, below.) 
#1624, Ε.Σ“ἀλ-λ 
#16242. ΕἸΠΤΣΡ.Ξ ἡ τ ΟΡ. e.g) OfP—UA 
#16243. ΕΠ ΤΡ. ΣΡ ΞΣΡΡΆΕΝ 

It should be observed that the ordinal analogues of propositions about 


classes of classes often involve the substitution of Σὶ (not δ) for s. Examples 
are afforded by *162'34°35, quoted above. 
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"16201. %'P=C'PwFiP Df 

#1621. ΕἸΣ Ρ ΟΡ FiP [(*162°01)} 

#16211, bi.e2(2'P)y.=:0(8CP)y.v a(FiP)y [#1621] 

#16212. br.2(2'P)y.=:(qQ).QeC'P .cQy.v.(qQ, ἢ) 2FQ.yFR.QPR 
[4162°1 . #41°11 . *150°11]} 

#16218. bs. 2(2'P)y.=:(qQ)-QeC'P.aQy. 

v.(qQ, R).ceCQ.yeCO(R.QPR [#16112 .%33°51] 

#16214. bi.a0('P)y.=:(qQ).QFP.aQy.v.(qQ, &).cFQ.yFR.QPR 
[4161-12 . #33°51] 

41622, +. Cav'S*P = SCnviP 

Dem. 
+.*16213.3F:. a(SCnviP)y . 


itl 


all 


WW 


:(qQ).Qe OCaviP. xQy . 
.(qQ, 2). Q(CaovwieP) Roce OQ .yeOR: 


ν 
(#150°22°41] =:(qQ).QeCnvC'P. aQy. 
v.(qQ, RB). QPR. ae OQ. ye OR: 
(437°64.433'22] = :(qQ). QeC'P. yQe.v.(qQ,R). RPQ.reCQ.yeCOR: 
[#162713] =:y(2'P)a:. +. Prop 
#16221. +. DSP =s'D“CP v COD (PI -- "λ) 
Dem. 


b.¥16213.Db:.2eDS'P.=:(qQ,y)- Qe CP. aQy. 
v-(qQ,f,y)-QPR.ceCQiye OR: 
[4833-13-24] =: (qQ)- Qe OP. we DQ. v.(qQ, R).-QPR.aeCQ. qt Rs 
[440°4.435°101]J=:ces DOP .v.cesO*D(Ph—tA):. D+. Prop 
4162-211. Ε. CSP = sOeP u «ΟΠ A) P 
= v 
#162212. Fr: λώέ}Ρ. 5. DSP =sOO DP vs DBP 


Dem. 
b.#16221. Db: Hp. >. DSP - DOP uv ODP 
[¥40°31 *93°12] ΞΞ sD" TP ω ΠΕΡ ω 5ΟἿΤῈΡ 
[κ4081] - ΒΡ 3 ΠΡ 12 Ε. Prop 


¥162213, Ε: Awe ΤῈ Ρ.2. SP = OUP v oO BP 
The above proposition is used in *163°22. 
The two following propositions are used very often, 
#16222, Ε, ΟΣ Ρ =38'CC*P 
Dem. 
b . *162°21:211 . *40°57.5 
BOSS P = ΞΟ ΟΡ 60D Pf — UA) uv fC" —Ut A) P 
[%40°161] = 38. ΟΠ ΟἿΡ . D+. Prop 
R&wW 1 23 
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4162.283, ΓΕ. ΟἽΣΡ Ξ- ΟΡ = FCCP = F«p [162-22 . 49:2] 
4162-26. ΕΣ (ΡΟ ΘΈΣΙ ΡΟΣ Ὁ 
Dem. |.*1621. DF. 2° Pu ) =s#C(P uy ρ)ὺ ΛΚΡν Q) 
[*#33°262.4%41°171.«150'3] =sC' Pu sCQu FiPy F3Q 
[*162:1] = i'PwtQ.o+F. Prop 
#16227. ΕΣ ΘΌΡυ Q)=25SiP wu ΣΟ [*162°26 . κ150’8] 
#1623. 1.2°(Q)R)=QFR 
Dem. -.*1601.3F. 2°90] R=sC(Q] Rv FQ] 1) 


- 
[455°15.4150°7] = §(UQuUR uo FQTER 
[*53°13.%33'5] =QuRuCQOT CR 
[#1601] =QtR.D+. Prop 


This proposition establishes the connection between the two kinds of 
arithmetical addition of relations. 


#16231, £. SQLS‘R=S(QLR) 


Dem. 
b.x1601. 4. Σ ΟΞ Σ ΕΞ Σρυ ΣΕ ΟἿΣ 1 OV 
[*162°123] =sOQu FQ u#kORVFI RY ( FOC) > (FOR) 
[#150-73] =80QusC Ry FiQu FiRy ΚΟ t CR) 
[41-1711 60°14.%150'3.%160°1] = (0.2 Α)ὺ FQLR) 
[*162-1] =Z(Q*R).D+. Prop 


The following propositions lead up to *162°34, 
*162°32. Ε΄ 3S = Se 
Dem. |. #416. #16271. Κ]501.2 . 8S = SCO SPT 


[*42°12.%150°16] = $C Bs 
[41°45] = OCW Fie 
[1621] = 36%. b. Prop 


#162:33. +. SP - ἐς ΟΡ Poe Py FuP 
Dem. -.*1l621.5b.2°S°P=$CSSP ὦ FIP 
[4162-23] = ON OP w Fi(8CP wo FP) 
[*150°3-13] = ΟΡ FOP uw FUP. DE. Prop 
*162:331. Ε. ΣῚΣ Ξ ΓῚ s|\C=P 


Dem. F.xTLT. Db sa(F|E)P.=.0F(P). 
[*33°51 | =.neCS'P. 
[*162-23] =.aF°P (1) 
Fe TOF e(F|s|C)P.s.0F (8OP). 
[*33°51] =.reCC?P., 
[*42°2] =.0F*P (2) 


F.(1).(2).9F. Prop 
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*162°332. ΕΟ SSP = OHO Pw Fie COP wv FP 


Dem. 
b.e1621. Db. SSP = ΟΣΡυ ΓΡΣῚΡ 
[*150°22°13] = ECP uw (ΡΙΣΡ 
[4162-32381] = SOP wv FUP 
[*162'1] = ΟΡ vy FIXCP a FUP.LD+. Prop 


*162:34. ΕἸΣΊ ΣΤΡΈΣΙΣΙΡ [¥162°33-332] 
This is the associative law for arithmetical sums of relations. 
The following propositions lead up to *162°35. 
#162341. Ε: CQCAR.D:2(F| RD Q.=.2(R|F)Q 
Dem. 
b.&717 #1501. Db: 0(F| Rt)Q.=.0F (RiQ). 
[*33'51] .2eO*RiQ (1) 
F.(1).#150°22. Dt:.Hp.dDi:e(F| Rt)Q.=.H%6€ RCO. 
[433-5] ae R“FQ. 
[*37°3.%32'18] .2(R|F)Q:. Db. Prop 
#162342. Ε: CGA CAR.D.(F| Rt)PA=(RI FPA 
Dem. 
Ε. 4115. Ὲ Ηρ. dsQer.>d.CQCAR: 
[*162°341] I:Qer.c(F| K)Q.=.Qer.a(h| FYQs. 9+. Prop 
#162343. F:C°VSPCUR.D. FRPP = RiFIP 
Dem. 
Εν #16223. >5+:Hp.d.CSCPCdsk. 
[#162342] ..( RPP (CPP τ αὐ PP CPP. 
[*150°32] > .(F| RtyP=(R\ FP. 
[*150°13] 9. ΒΤ Ρ- Ri FIP+D+. Prop 
#16235. ΕἸ ΟΣ QCAR.D. SS RpIQ= BI3'Q 
Dem. 
Εν *1621 . #15022. Db. ΣΙ 30 = Rt“ O°" w FIRGQ 
[*150°16] = RisC Qu Fi RFQ (1) 
F.(1). #162343. DF: Hp.d.S‘RtQ= RisCQu RFQ 
[#150°3.4162°1] = R3>‘Q: D+. Prop 
This proposition is important, since it enables us to infer (with a suitable 
hypothesis) that if R}M is always like M when M e C‘Q, then the arithmetical 
sum of all such relations as ΠΡ is like ΣΟ, being in fact ΠΣ Ὁ. In other 
words, if, whenever Me CQ, Rf CM is a correlator of RiM and M, then 


RIE Ὁ is a correlator of ΣΟ and 3Q. This proposition is analogous in 
its uses to the proposition 


ἢ 
Ill 


MU 


SRM = RES, 


23—2 
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which is #4038. In general, in obtaining relational analogues of cardinal 
propositions, R‘‘« is to be replaced by RiQ, Re by Rt, ands by =. When 
these substitutions are made in s‘Re“x = Rs, *162°35 results, except for 
its hypothesis. 

If we regard #3Q as a kind of product of R and Ὁ, *162°35 becomes 
a distribntive law. For it asserts that if we multiply each member of C‘Q 
by R, and then sum the resulting products, we get the same relation as 
if we first sum C‘Q, and then multiply by #. The following application 
of *162'35 to the sum of two relations makes its distributive character more 
evident. 


416236. t:0°'PUCQCHR.D. RIPLRIQ= RUPRQ) 


Dem. 

41623. DE. RIPRRIQ=S4(RIP) | (RIQ)} 
[*150°1-71] = SRP | Q) (1) 
F.(1).*162'35. Dt: Hp.>. RIPLBIQ= ΕἸΣΚΡ | Q) 

[*162°3] =R7P#Q): 9+. Prop 


This proposition can be extended to any finite number of summands. 


#16237. biqtr.qlpw.DdD. LAT μ)5Ξ ἐλ hsp 


Dem. 
+. *35°85'86. DF: Hp.d. Carat wy=Avuy, 
[1631] 9. Σ Ὁ Τμ)εόίλυ μ)ν FIA Fp) 
[Κ41171 6] 0.18] Ξε $A ὦ sw (FX) fT (τ) 
[*41°45.%40°56] Ξε λ ὦ Shu w (CCSD) 7 (CS) 
[*160°1] =§ALSn: D+. Prop 


#162371. Fr qla. Dd. Saf vQ)=satQ [16237 . 53-04] 
#162372. F: qi B.D. ΣΙ ΡῚ} B= PRIEB 
#1624, F.SA=A 


Dem. 
Εν 433-241 441-21. D+. SOAHA (1) 
b. #15042, Dt. FiA=A (2) 
Ε. (4). (2). 1]1621.2 Ε΄. Prop 
#16241, F.S(ALA)=A 
Dem. ΝΣ ΝΕ 
Ε. ἘΠ693.9Ἐ.Σλ A)= ALA 
[*160°21] =A.DF.Prop 
#16242. big liP.=.qisC'P.=.qi0tP—uA 
Dem. 
+. 162-23 .*83-24. Db IS Pie. HOP. 
[*41-26] =.qiCP—vA 
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*162-43. 
Dem. 


bi! P.D.34P + R)=S‘PHR 


#16226. #1611. DE. E(P + R= TSP wl (OP FR) (1) 
- #162371 .*33-24, DF: 1 P.d.S(CP FUR) =HKCPARR (2) 
-(1). (2). *1601.5 

F:Hp.d.2(P p R= Pus Pu Rw (CSCP) TOR 
[*162°1'23] = Pu Ru (CoP) t CR 

[*160'1] =>2‘PER:D+. Prop 


TT TT 


#162431. Fig tP.d. (Req P)=RAESP [Proof as in *162°43] 


Observe that in *162°43:431, P and Καὶ must be of different types, in fact 
A must be of the type to which members of C‘P belong. *162°43'431 are 
often useful, 


#16244. 
Dem, 


*162°45. 
Dem. 


bi. 3(PpA)=S(A4 })Ξ--Σ 


+. *162-43 . DEiq!P.DdD.2¢P pA)=SPRA 
[*160-21] = 3'P (1) 
}.*33-241 .#35°88.5D+:P=A.LD.CPTUASA. 

[*162°4] 5. Σ(ΟΡΊμλγτλ. 
[κ25.24] ..ΣΙΡΈΣΡυ SOP tet) 
[*162-26] =>(PwuC'P fF λ) 
[Ἐ1611] =P +A) (2) 
F.(1).(2),. Db. S(PpA)= EP (3) 
Similarly +. 3(A¢d P)=2P (4) 


 .(8).(4). +. Prop 
biqiP.2*P=A.=s.P=AJA 


F.*16242. Db: S°PH=A.=.0°PRP CUA. 

[*33'16] =.D°PCuA.aPCuA (1) 
"33°24. DEsGiP.=.qiDP.qiGP (2) 
Ε.(1). (2). κὅ1:4. 9 

hiqiP.S*P=A. 
[*55°16] 


DP=HtA. Pasta. 
~-P=AJA:3+.Prop 


Wit 


The above proposition is used in #174162. 


*163. RELATIONS OF MUTUALLY EXCLUSIVE RELATIONS 
Summary of *163. 


In the present number we have to define mutually exclusive relations, 
and to give a few of their properties. Mutually exclusive relations play 
much the same part in relation-arithmetic as mutually exclusive classes play 
in cardinal arithmetic. Prima facie, there are various ways in which we 
might define them. We might define P as a relation of mutually exclusive 
relations when 

QPR.Q+h.dgn-QAk=A, 
or when Q ReCP.Q¢R.392.QAR=A, 
or when 
Q, he OP .QOF¢h. D9 27-DQOnDR=A.TQnCR=A, 
or in several other ways. But in fact the most useful property to choose 
is the property that any two members of the field have mutually exclusive 
tields, 1.6. 
Ο, ΠΕ ΟΡ. 0 ἘΠ. 3..κ. C8§Q0CRSA. 

The principal applications of the subjects studied in this Part are to series, 
and in series it is always the fields of the relations that are important. We 
want, for instance, to define relations of mutually exclusive relations in such 
a way that, if P is a serial relation, and every member of C‘P is a serial 
relation, then %‘P is a serial relation. For this purpose it is necessary that 2“P 
should be contained in diversity, which requires that FP should be contained 
in diversity, ze, that 

QPR Dor -CQnCh=A. 
If P is a serial relation, as we are supposing, this is equivalent to 
Q, Re OP .Q+P. 392. COnCR=A. 

Again we want to define relations of mutually exclusive relations in such 
a way that, if P and Q are two such relations, and P and @ have double 
likeness (cf. *164), then ΣᾺ is like ΣΟ; «ae. if we are given a correlator S of 
P and Q, and for every M and N which S correlates, we are again given 
a correlator, then =‘P is to be like =‘Q. That is, if X is the class of relations 
which correlate pairs of relations M and N, where Ne C‘Q. MSN, we want 
&% to be a correlator of P and Ὁ. Now this requires that 8A should be 
a one-one relation, which requires 

M,M’«COP.M+M’ .Dyw DM oDM’=A.0M ΟἹ’ - A, 
This is secured by 
MM’ ce CP. M+M’ wou OM n CM’ = A, 
but except for special classes of relations it is not secured by 
MPM’ 3, ν". ΟἽ n CM’ =A, 
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since there may be two relations M and M’ which both belong to the 
field of P, but of which neither has the relation P to the other. Again, the 
analogy with cardinal arithmetic fails at many points unless, when P is 
a relation of mutually exclusive relations, “ὉΠ is a class of mutually 
exclusive classes. But this is not secured by any of the other possible 
definitions we have been considering. There are further reasons, connected 
with the arithmetical product of a relation of relations, for choosing as the 
definition 
Q, ReCOP.Q+Rh. ὃς, εὐ CQaCR=A, 

From a technical point of view, the properties of a Cls* excl depend mainly 
upon the fact that when « is such a class, εἴ κ ε ΟἹΒ -- 1 (#8414); in like 
manner the properties of a Rel? excl depend upon 

FE CP ¢Cls—+l, 
which requires our definition, and is equivalent to it (#16312). We thus 
become able to use the propositions of *81 on selections from many-one rela- 
tions, which would not otherwise be the case. 

It should be observed that 

Q, ΚΕ ΟΡ. ἘΚ... -CQnCR=aA 
is not equivalent to 
OOP ¢ Cis? excl, 
though it implies this. The converse implication will fail if C‘P contains 
two different relations with the same field. Hg. take a relation P whose 


field consists of the four relations S, 8 T, P, and suppose (‘Sn 67 π A. 
Then OOP =O'S UCT, and O“C'P ¢Clstexcl, But unless S=S and 
[T= T we shall not have 

Q,ReCOP.Qth.don-CQnCRHA. 

The property by which we define relations of mutually exclusive relations 
is a property which only depends on the field, so that we might equally 
well put 

(ClRel) excl = % (0, Rer. Qt R.Dor-CQnOR=A} Dé 
But for our purposes this would be less convenient than the definition of 
Rel? excel. 

We thus put 
#16301. Relexcl=P{Q,ReO'P.Q+R.Don-CQnCR=A} Df 

We have 
#16311. t:. PeRePexcl.=:Q,ReCOP.qiOQnOR.o2-Q=R 
*163-12, +: Pe Relexcl.=. Ff C'PeClsl 
#16317. +: PeRelexcl.=.ChC'Pel— 1. CCP ¢ Cis’ excl 

Any of the above might have been used to define Relexcl. The following 
propositions are important. 
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«1633. &:QeRelexcl. αὶ ε ΟἹΒ 41.5. 5170 ¢ Rel? excl 
This is the analogue of #8453. 
#163'4°41. +. A, P| Pe Rel? excl 
#163'441. +: P, Qe Rel?excl. CESP nn O2ZQ=A.D.PHLQ ε Rel’ excl 
#163451. tk: Pe Reltexcl. CSSPnCR=A.3.P + Re Rel’ excl 


#163°01. Rel’excl=P{Q,ReC'P.Q+R.Don-CQnOR=A} Df 

ἈΚ1681. +:.PeRePexcl.=:Q0,ReOP.Q4¢h. do p-CQnCR=A 
[(*163:01))] 

#16311. f:.PeRePexcl.=:Q,ReOP.qilQnOR.d927.Q=Rk 
[*163-1. Transp] 

*163:12, +:PeRelexcl.=.F[ CP eCls—1 [*163'1 . *74°632] 


For many purposes, this proposition gives the most useful equivalent of 
P ¢ Rel? excl. 


Instead of the above proof, we may use *74°62, which gives us the result 
in virtue of *33°5. 
*163°13, b:. Pe Rel?excl. 9: 
QZReOP.QO#h.De2.-DQnDR=AA.TQndR=A 
[*24°402 . *163°1] 
#16314. +:PeRelfexcl.D.ChC’Pel—1 [#16312 . 74°32 . *33'5] 
*163°15. +: PeRel?excl.>. Df OCP, If OP ell 


Dem. 
Ἐν #7463 .#16313.5+:Hp.>.(e/ DP CPeCls 1. 
[#74'32] >.e/DhO'Pelsl. 
[¥72-27] >. Dh C'Pe1—1 (1) 
Similarly F:Hp.d.dfC Pell (2) 
b.(1). (2). DF. Prop 


*16316. Ε: PeRelexcl.>.C°C'PeClstexcl [%84:51 .*33°5 . *163-12] 

#16317, +: PeRelexcl.=.ChCiPel +1. COP e ΟἸ 85 excl 
[163-12 . x84-522 . #33°5] 

*163-2. +:PeRelexcl.>.DP Fs C Pell. FsCP C151 
[¥81-21-1 . #163-12] 

*163°21. +: Pe Rel?excl. 2. D“F4°C'P = Prod ΟΡ 

Dem. 
be 485-1 ἢ = .«168'12.>k: Hp. >. D“FyOP = Dex POOP 


(4*115°1.%33-5] = Prod‘C“C'P 23+. Prop 
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This proposition is important in connection with the multiplication of 
relations, for we shall define as the product of a relation P (whose field 
consists of relations) a relation whose field is D‘‘Fa‘C‘P. Thus by the above 
proposition, whenever P is a Rel*excl, the field of its product is the product 
(in the cardinal sense) of the fields of its field, just as the field of its sum is 
(by *162°22) the sum of the fields of its field. 


*163:22. +: PeRelexcl. λυ ΟΡ... 
> -» > -}υ 
BSP = BBP. BCnvS P = B“Cnv“"“ BYP 


Dem. 

Εν #162-23°213.493'103. >t: Hp. >. ΒΕΣῚΡ- FOP — 8 O* OP “BP 
[40°56] = FOOCP — POS — CBP 
[#71°381.437-421.#163°12] = F(OP-CP) = BP 
[%40°56.493°103] = OB P—sG“BP () 
b. #16311. b::Hp.31.QeBP.2e0Q.3:ReBP.veGR.>.R=Q. 
[*13°12} , D>. reT'Q: 
[%40°4] D:acesA*BP Dre TQ: 
[%40°13] Dive “ΠΑΡ «ΞΞ φε (2) 


-: -- 
Ε.(2). κ 32. Db: Hp.d:QeBP.reCQ. eves ABP .=. 
—_> 
Oe BP.ceOQ.eredQ: 
- -Φ - 
[*10°281.%40°4.%93'103] Dia ε508Β.Ρ —sUA BP .=.(qQ). Qe BP. xBQ. 


[487-1] =. 26 BBP (3) 
- => 
F.(1).(8).Dt:Hp.>. BSP = BBP ΒΝ (9 
. -- . τ 
Ε. (4). κ1 69:2. #3322 .*163'1.>+:Hp.>. BCnv's'P = B«BCnviP 
[#15165] =B“Cnv“BP (5) 


Ε. (4). (δ). 5+. Prop 


*163'3. Ετρε Βε δ χοὶ. Κ΄ ε ΟἹ8 - 1. 9. 5.1’ ε Rel excl 
Dem. 

F.*72°421.5+:.Hp.o:M,NeCOQ.4 (SOM n SOND. GiOM nC. 
[*163:11} >.M=N. 
[*30°37} >.StM=StN (1) 
F.(1).*150'202.>+:,Hp.3: 

M,NeCOQ .qGiC(St{M)aC(StN).3.StM=StN (2) 
b.(2).#163:11.5+. Prop 


*163'31. b:.C°P=C'Q.3:PeRePexcl.=.QeRelexcl [#163-1. #1312] 
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#163°311. F:.C°Q=Cnv"C'P. 9: Pe Rel? excl. =. Qe Rel? excl 
Dem. 


Εν 2618. >t: Hp. ds MN eCOP.=. MN eCQ:. 


[431-32] ΗΜ NeCOP.MtN.e.MNeCQ.M4Ns 
[433-22] 3:.M,NeCOP.M4EN.D.CMaGON=A?2: 

ΜΝ εσΟ. ΜῈΝ... ΟΜ Δ ΟΙΝ - Δι. 
[*11°33.%163:1] »:.PeRelexcl.=: 


M,NeCQ.MEN.Dy ye. OMaON=A: 
ΜΙ ΝΕ. ΜΈΝ. ye. OMnON=A: 
: Qe Rel excl :: DF. Prop 


[*31°51] 
[5169] 


κ1683.32. +: PeRelPexcl. =. Pe Reltexcl. =. CaviP ε RePexcl. =. 
CnviPe Relexcl [#163°31°311 . #33°22 . #150-22:12): 
*163°'33. Ε: P#Qc Relexcl.=.QtPeRel?excl [*163'31.*16Q:14] 


#163331. §: P+» Re Relexcl.=.Rd¢ Pe Rel’ excl 
[*163°31 . *161'14°2°201] 


κ163.4, &+.Ac Rel excl 


Dem. 
b . 33-241. #24105.5F.(Q). Qre CA. 
[¥11°57] D+.(Q,R).Q, R~e OA. 
[Ε1168] DE:Q ReCA.Q+R.D927-CQnCR=A 6) 


F.(1).*163:1.55. Prop 


*163°41. +. P| Pe Rel excl 
Dem. 
F.#5425.*55°15.9+.0(P | Poel. 
[¥52°41.Transp] Dt.~(qQ,R).QO, Re CCPL P).Q+h. 
[*11°63] ΕΟ, Re ΟἹ ΒΡ P).Q+h.dg κι CQnCR=A (1) 
Εν (1). *163:1.54+. Prop 


#16342, Ff: P| QeRePexcl.=:P=Q.v.0°PanCQ=A 
Dem. 

Ἐν #1631 .*55°15 25D 

F:. P| Qe Relexcl. 

[54-441] 

[*22°51] 


>M,Net'PvuiQ.MtN oun - OMnNCN=A: 
:P=Q.v.CCPnACQ=A.COnCPH=A: 
>:P=Q.v.0PaCQ=A:. DF. Prop 


The above proposition is used in *251°22. 


Ul 
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*163°43. F:PeRePexcl.QGP.>. Qe Rel? excl 


Dem. 
F.#*33'265.3Ib:.Hp.o:M,NeCQ.9.MNeCP: 
[Fact] I: M,NeCQ.MtN.9.MNeCP.M+N: 
[*163:1.Hp] D.CMaACN=A (1) 


F.(1).#163'1. 2 Εν Prop 
*163'431. F: Pe Rel? excl. >. RIP C Relexcl [*163°43] 


*163°44. +: PQ RePexcl.=. 
P,Q Rel? excl . s§C“CO'P 9 9 (00 -- ΟΡ)τ κλ 


Dem. 
F. *163-12.%*16014. 5+: PRQe RelPexcl.=. FP (CP vu CQ)eCls 1. 
[κ74.821] =. FT OP, FE CQeCls1. F“CP an F(CQ~ ΠΡ) «Δ. 


[*#163°12.4%40:56]=. P, QeRelexcl. COP ns'O(C'Q—-CP)=Ard +. Prop 


"163-441. Ε: P, Qe Rel?excl ΟἿΣ Ρ an CSQ=A.9.P£RQe Rel? excl 
[#163°44 . #16222] 


The above proposition is used in *#173°26. 


4163-442, b:. Pa CQ=A.D: 
PRQe Relexcl. =. P, Qe Rel excl. C2 Pn ClLQ=A 

Dem. 
Εν #24313. Db: Hp.>d.0°Q—C'P=0Q (1) 


Ε. (1). κ168.44. #16222... Prop 


*163-45. Ε:)}᾿ - Re RePexcl.=. Pe Ἐε}Ἐ οχοὶ. β ΟἸ(ΟἿΡ-- ΚΠ) Δ ΒΚ ΞΔ 
Dem. 

F.#*16114.%*163°12.5 
Fig 1P.9:P+ Re RePexcl.=. Fh (CPuitR)eClsl. 
[*74°821.%53°301.*33°5 ] 
FLOP, Fhe Re Cle 1. ΤΑ(ΟΥΡ.-- ΚΕ) Δ CR=A. 
[¥35°101.*%71:171] FRCP ε015- Ὁ ΓΚ(ΟΡ-- UR) An CR=A. 
[*163'12.%40°56] =: PeRelexcl. s'C*(CP —UR)nCR=A (1) 
F.*161:2.#1634.3+:P=A.>.P +4 Re Relexcl. Pe Rel’ excl (2) 
b. 33-241 .*37:29.#40°21. 5+: P=A.3.8°C(OCP—UR)NCR=A (3) 
F.(2).(3).Comp.#51.3+:.P=A.3: 

P + Re Reltexcl. =. Pe Relexel. (ΟΕ Ρ -- ΚΕ) ΘΟΕ ΞΔ (4) 
F.(1).(4). D6. Prop 


II 


Noa ll 


*163:-451. Ε: Pe RePexcl.CSSSPaCR=A.D.P + Re Rel? excl 
[x163:45 . *162-22] 


The above proposition is used in *173°25. 
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*163'462. F:. ReeO'P.3: P+ ReReltexcl.=. Pe Rel’excl. CSSPnCR=A 
[451-222 . ¥163°45 . #16222] 

#16346. +: Re+ PeRelexcl.=.Pe Rel’excl. ΟἽ (ΟἹΡ.- ΜΕ) ΟΠ ττλ 
[¥163-45-331] 

#163461. Ε: Pe Rel excl. ΟΡ an OR=A.D.R¢+ Pe Rel? excl 
[¥163:451'331] 


#163462. F:. Ree CO P.9: Re Pe Relexcl.=.Pe Rel’ excl.C*S*PaCR=A 
{*163°452°331] 


164. DOUBLE LIKENESS 
Summary of #164. 


The subject of this number is of great importance throughout relation- 
arithmetic and its applications. Double likeness, or double ordinal similarity, 
is a relation which is to hold between P and Q when (1) P and Ὁ are like, 
(2) correlated members of the fields of P and Q are like, with a specific given 
correlator in each case. (It is necessary, in general, to have a given correlator 
in each case, to avoid the necessity of the multiplicative axiom for selecting 
among correlators.) This definition can be somewhat simplified by starting 
from a relation correlating ={P and &‘Q. If 8 is such a correlator, so that 

Sel 1. (ὦ = CQ. ΣῚΡ = S350, 
we want S to be such that it not only correlates the whole of =P with the 
whole of =‘Q, but also correlates each member of C‘P with the corresponding 
member of C*Q, Δ. such that, if NV is any member of O'Q, SiN is the 
corresponding member of C‘P. This requires 

NQN’.=.(SN) P (SiN), 
ie. writing St, St*N" in place of SiN, SiN’, it requires 
Ρ- 5190. 
When Ρ-- 9150 and US = ΟἿΣ 0, we have Σ"Ρ = SiZ‘Q by «16235. Hence 
double likeness will subsist if there is a relation S such that 
Sel 1.08 =0°2Q. P= Std. 

A relation § fulfilling this condition will be called a double correlator of 
P and Q. Thus two relations P and Q have double likeness when there 
exists a double correlator of P and Q, z.e. when 

(qS).Sel 41.70G= OQ. P=Stid. 
A double correlator of P and Q isa relation S which is a correlator of ΣΡ 
and &‘@ and is such that St} O*Q is a correlator of P and Q. 


It will be seen that this definition has the usual analogy to the corre- 
sponding definition in cardinals (*#111:01). The two inverted commas of the 
cardinal definition are replaced by the semi-colon, and S- is replaced by St, 
and s‘A is replaced by &‘Q or O*2‘Q. The propositions of the present number 
consist largely of analogues of the propositions of *111, in accordance with 
the above substitutions. 


If it were not for the difficulty of choice among correlators, we could 
define two relations as having double likeness when they are like relations of 
like relations, 1.6. when, if P and Ὁ are the two relations, they have a corre- 
lator § such that, if MSN, then M smor N. In this case, Se P smor Q a Ri‘smor. 
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Thus we have to consider the relations of the class Psmor Qn Rl‘smor to the 
class of double correlators, and we have to consider the relation of the relation 
ΚΤ Psmor Qn Ri‘smor” to the relation of double likeness. The propositions 
to be proved on this subject in the present number are analogous to the 
propositions of #111. But at a later stage (#251°61) we shall show that if 
the field of P consists entirely of relations which generate well-ordered series, 
then the use of the multiplicative axiom ceases to be necessary in identifying 
double likeness with the relation q!Psmor Qn Ri‘smor, the reason being 
that two well-ordered series can never be correlated in more than one way. 


Our definitions are 
«- A 

#16401. Psmor smor Q=(1 1) n (ΟἿΣ Ὁ ὁ S(P=StiQ) Df 
#16402. smorsmor= PQ (q } P smor smor Q) Df 

The principal propositions of this number are 
"16415. +:SePsmorsmorQ.=.Se¢>*‘Psmor ΣΟ. (5 Ὁ C'Qe Psmor Q 
whence 
#164151. Ε: PsmorsmorQ.2.2'Psmor ΣΟ. PsmorQ 
"16418, +:S[CS‘Qe Psmorsmor Q.=. 

STOCVMec1L 91. ΟΣ QCAS. P=StiQ 


This is usually the most convenient proposition when a double correlation 
has to be proved. 


#*164°201°211'221. Double likeness is reflexive, symmetrical and transitive. 
*16431. Ε: δ ¢ Psmorsmor Q.=.Se(C“C*P) sm sm (6610). P=StiQ 

(Cf. note to *164°31, below.) 

We then have a set of propositions (#164°4 to the end) on the identifi- 
cation of q!Psmor@nRl‘smor with double likeness by means of the 
multiplicative axiom. We have 
#16443. |+:. P,Qe Rel? excl. δε Psmor 0. 

B=Dr (ql). Ne CQ.A=(SN)smor V}. 3: 
Rees’u.d.sD‘R e Psmor smor Ὁ. S=(sD‘R)t hf CQ 

That is to say, given that P and Q are like relations of like mutually 
exclusive relations, if we can pick out one correlator for each pair of correlated 
members of ΟΡ and C*Q, then the sum (8) of such selected correlators is a 
double correlator of P and Ὁ, Hence, observing that if S is a double correlator 
of P and Q, (St)[ C'Qe P smor Qn Ri‘smor (*16415°16), we arrive at 
#16445. Ε τ Multax.>:. 

P,Qe Rel? excl. 3: q¢! Psmor Qn Ri‘smor . = . P smor smor Q 

From #16443 we deduce also 
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#16446. :.Multax.3: 
P, Qe Rel? excl .q ! Psmor Ο ὦ Ri‘smor. >. =‘P smor ΣΟ 
#16448. Ε:. Multax.3:R Se Relexcl n NrfQ.CtR, CSeClNr'P. >, 
Rsmor smor 8. =‘Rsmor 349 


1.8. τὰ effect, assuming the multiplicative axiom, if two series (=‘R and 
Σ΄) can each be divided into 8 sets of a terms (a, 8 being relation-numbers), 
then the two series are ordinally similar, and the 8 sets in the one case have 
double similarity with the 8 sets in the other. (Here we have written a, 8 
in place of the Nr‘P and Nr‘Q of the enunciation.) 


It is by means of the above propositions that ordinal addition and 
multiplication are connected, as will appear in #166. 


416401. P sor ὁποῦ Q=(1 91) (ΟἿΣ Ὁ ὁ 8(P=StHiQ) DE 


#16402. smorsmor= PQ (q ! P smor smor Ὁ) Df 
*1641. +:SePsmorsmorQ.=.Sel—1.0S=O2'Q. P= Stig 
[(*164°01)} 


«16411. +: PsmorsmorQ.=.q!PsmorsmorQ [(*164-02)] 
*16412. +: PsmorsmorQ.=.(qS).Sel—1.0'S= OQ. P= Stig 


[4164-1-11] 
#16413. F:SPCRUQel 1. C2 QOCAS.3. (StHfCQel—1 
(#150152 . #162'22] 
#164131, §:d‘°S9=C'S'Q. P=SH3Q.3. DS =OS'P. ΣΡ =S8izQ 
Dem 
+. #162°35.D+:Hp.d.3'P=Si3'Q (1) 
[#150°23.Hp] 5. ΟἿΣΕΡ =D‘s (2) 


Ε.(1). (2).9}. Prop 
#16414. Ε: 8 ε. 5001 507 9. 2. ὅ'ε ΣῈ Ἔἴποῦ ΣΟ [4164118]..16}}}1] 
The two following propositions are required for proving "61 64:18, 
*164141. Ε: O2'Q Ca. 5. (Th atiQ=THQ [¥150°171 . *162°22] 
#164142. Ε. 1 ΟΣ )}50- 750 Ξ (ΤῸ COQ [*164-141 . *15032] 
Ἀ164143. +: Se Psmor smor Q. >. (St)f C'Qe Psmor Q 


Dem. 
F. #164113. Ε:ΗΡ.9. (δ᾽) Γ ΟὉ ε1-Ὁ}} (1) 
k.*35°65. Dk. ASty Pf CQ = CED (2) 
Εν #1641 .#15032.3+:Hp.d. P= {(Spf σὉ0}"Ὸ (3) 
Ε. (1). (2). (8). #15111. 3+. Prop 
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«16415, 1:9 Pamor smor Q.=.Se3*P amor BQ. (St)} ΟὉ « P amor Q 
Dem. 


Ε.κ16414148. 
| : Se Pamior amor Q. 2. Se BP smor SQ. (9})}} C'Qe Pamor Q (1) 
Ε. Χ16111.9 
ΕΣ Se SP amor ΣΟ. (St)P C'Qe PemorQ.>. 

Sel 1.08 =CSQ. P= ((St)p C*QLIQ (2) 
Ε. (2). #15032. #1641. 
ΕἸ Se SP smor Q. (St) POQe Pamor Q.>. Se ὅτῖσε amor Q (3) 


F.(1).(3).9F. Prop 
#164151. +: PsmorsmorQ.2.2‘Psmor 5‘Q.PsmorQ [*16415:11] 
416416, ΕΞ Se Pamir stor Q.D. (83) ΟἿὉ Esmor 


Dem. 
b.e35101 681501. 5b: MSH CQO} N.=.NeCQ.M= IN (1) 
b. #1641. #16222. 3b:.Hp.d:Sel—wi:NeCQ.Dy.CNCAS: 
[¥151°23] 2:NeOQ.M=SIN. Dy vy. Msmor Ν᾽ 
[(1)] I: MSP) CQ] Δ. Oy y.Msmor V:. 5+. Prop 


#16417. +: PsmorsmorQ.3.q!PsmorQaRifsmor [*164143'16] 


This proposition states that when P and Q have double likeness, there is 
a correlator of P and Q which couples like with like relations; ze. if Sis the 
correlator, then, if MSN, M and WN are ordinally similar. The converse of 
this proposition, namely, that if P and Q have a correlator which couples 
ordinally similar relations, then P and Ὁ have double likeness, can be proved 
if the multiplicative axiom is assumed, but not otherwise, except in special 
cases, such as that of well-ordered series. 


The following proposition is used frequently, owing to the fact that, in the 
cases we are concerned with, double correlators generally have the form 
Sf Of=‘Q, where S is some relation for which we have (y). 1 Sty. 


#16418. +: SP C'S‘Qe Psmor amor Q.=. 
SPOS Qel 31. CVQCAS, P= SQ 


Dem. 
F.*35°64 . κ22.62]1. Ds ASP ΟἿΣ) = CEQ. =. ΟΣ CASS (1) 
F . #164142. Db: P=(SPCROQ)FtIQ. =. P=StiQ (2) 
Ε. 3641. ΟΡ. Sf Cs‘Qe Psmor smor Q.=. 


SP CS Qel—+1. (Sp ΟἿΣ 0) = ΟΣ ΓΟ. P=(SPCSQ)HIQ (8) 
Ε. ().(2). (8). 9 Εν Prop 
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#164181, t : PsmorsmorQ.=.(qS). SPOR Qel - 1. ΟΣ QCAS. P=Stig 

Dem. 
 #35°66 . 1641. 9 . 
: Se Psmorsmor Q. 2. Sh ΟἿΣ Qel+1.C2*QCd‘S.P=StiQ Ὁ 
(1). #16411. 
: Psmor smor Ὁ. 9. (8.5). SPOS Qelwa1.ClQCaS. P=StiqQ (2) 
. #1641811 .2 
:(qS). SP ΟΣ Ὁ ε1-.1. ΟἿΣ Ὁ ς aS. P=StiQd:3.PsmorsmorQ (3) 
. (2). (8). Prop 

The following propositions are concerned in proving that double likeness is 
reflexive, synimetrical, and transitive. 
#1642. +. Jf O*2'P ¢Psmor smor P 

Dem. 

Γ..151191.2 Ε΄. 2PO% Pe ΣΡ smor ΣῚΡ. If CP e Psmor P (1) 
-. #35101. #15071 .9 
ΕΜ ΟΣ ΡΟΡῚΝ. 
[#150°33.%162°22] NeCP.M=IN. 
[*150°53] ~M(IF CP) N (2) 
b.(1). (2). DF LP CSP e SP βου BP (TP CSP) ΟΡ e Psmor P. 
[*16415] DF.Prop 


#164201. +. PsmorsmorP [#1642711] 


TTT Τ᾿ Τ᾿ Τ᾿ τ 


NeOP.M=(IhOUP)IN. 


*164:21. +:SePsmorsmorQ.=. 8 e Qsmor smor P 


Dem. 
ΒΥ «164-1. 471-212. : Se Pamor sinor Q.D.Se1—1 (1) 
b.xlG41311. Db: Se PsmorsmorQ.>.aS=O3P (2) 
150-94. 41641. 416222.Db:SePamoramorQ.>.Q=StiP (8) 
i .(1). (2). (8). #1641. D+: Se Pamor smor Q. 9. Se Qamor amor P (4) 
OR Εν SeQamoramor P.>.Se Pamoramorg (5) 


t.(4).(5). 4+. Prop 
#164211. Ε τ PsmorsmorQ.=.Qsmorsmor P [x*164-21:11] 


*16422. :SePsmor smor Q. 7 ε Qsmor smor R.D.8| Te Pamor smor R 


Dem. 
b. #1641. 2Ρ:ΗΡ.2.5, 1:1 - }. 


[471-252] >.S|Tei—1 (1) 
b.*1641131.3+:Hp.d.dS= C39. DT = OQ. 
[¥37°323] >.d(S|M=a'7. 

[5164] 5.6 (51) τ- ΟἹΣΕ (2) 


R&w il 24 


370 RELATION-ARITHMETIC [PART IV 


Εν #1501314. D4. (S| }} R= SHIR (3) 
b.xl641. Dt: Hp.>d.THR=Q.S8tiQ=P (4) 
F.(3).(4). Dk: Hp.d.(S| ΤῊ R=P (5) 


Εν. (1) .(2). (δ). #1641. 4. Prop 

*164-221. +: Psmorsmor Q.Qsmorsmor#.2.Psmorsmor R [*164°22°11] 
#16423. +:.Psmorsmor Q.3:Pe Rel? excl. =. Qe Rel? exel 

Dem. 
F.*16412. DFkiHp.d:(q7). Tel >1.dT=C3Q.P=THtd: 
[*163°3] >: Qe Rel?excl. 9. P ¢ Rel? excl (1) 
Ε. (4). 4164-211 ..5+:. Hp.3: Pe RelPexcl. 3. Qe Rel? excl (2) 
F.(1).(2). DF. Prop 
*1643. +:SePsmorsmorQ.3.S¢«(C“C'P) sm sm (O“C*Q) 


Dem. 
b.#l641 .#16222.5+:Hp.d. Sell. TS =sCKC?>. P=StiQ. (1) 
[#150°931] >. OCP = 8A°C8O?D (2) 


F.(1). (2). #1111. 955. Prop 
#164301. -: PsmorsmorQ.>.C“O*P sm sm C“C'Q  [41643°11 . #1114] 
*164:31. +:S« PsmorsmorQ.=.Se (OOP) sm sm (C“C"Q) . P= St iQ 

Dem. 
-#*1643:1.9 
: Se Psmor smor Q. 9. S (CCP) 5m Sm (C“O"Q). P=SHIQ (1) 
»*111°1 . *162°22.5 
: 5 (COP) sm am (6 “0.0).32. 5. ε1 - 7 }.(5- ΟἿΣ Ὁ (2) 
. (2). ἔδοῦ. κ1641.9 
2S e(C“C'P) am am (Ο““ΟἼΟ), P= 51.59.9. δ. Psmor smor Q (3) 
-(1).(3).9F. Prop 

This proposition has the merit of reducing the ordinal element in double 
likeness to a minimum. The proof of 

Se (C“C*P) sm 5m (CCQ) 
is a cardinal problem, and what has to be added for ordinal purposes is merely 
P = 90. 

#16432. +.Ae(Asmor smor A). Asmorsmor A 

_ In this proposition, the various A’s need not be of the same type. Hence 
“ A smor smor A.” is not an immediate consequence of *164°201. 

Dem. 


τ Τ᾿ Τ τ TTT 


Ε. 721. κ162.4. 2Ε.λὲ]-21. ΤΠ Ξ- ΟΣ κτλ (1) 
b. #15042. ϑε.λελΨλ () 
Ε. (6). (9). ΚΙ]641. 9. ἡ ε(λ ὅτποῖ smor A). (8) 
[*164°11] >.Asmorsmor A (4) 


F.(3).(4). 5. Prop 
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#16433, +: Me Pamor R. Ne Qamor S.C'PaC'Q=A.CRaACS=A.D, 
Mo Ne(P | 0) smor amor (B | 8) 


Dem. 
F.#16047. DIF: Hp.>.Mwu Ne(PRQ)smor(R4S). 
[#1 62°3.%*151°11] 2.MuNe1 3>1.0(Myu N)y=C(R IS) (1) 
F.*15032. DF:Hp.d.(MuN)R={[(Mv Nf CRR 
[*35'644..%150°32] = MiR 
[#15111] =P (2) 
Similarly F:Hp.3.(MuN)S=Q (3) 
F.el50711.5F:Hp.d.(Mo Nt (RI 8)- 10} ὦ ΔΒ} (Me NS} 
[(2).(3)] =P1Q (4) 


Εν (1). (4). #1641. 34. Prop 


*16434. -:PsmorR.QsmorS.CiPnCQ=A.CRaACS=A.)5. 


PU Qsmorsmor Rl S 
(#164°33-°11 . 151-12] 


The following propositions are concerned in showing that, if P and Q are 
like relations, and the correlator of P and Q is contained in likeness (i.e. 
correlates relations which have the relation of likeness), a correlator being 
given for each pair of relations coupled by the correlator of P and Q, then 
the logical sum of such correlators is a double correlator of P and Q, provided 
P and Q are relations of mutually exclusive relations, That is, assuming S 
to be the correlator of P and Q, and assuming that S‘Nsmor NV whenever 
Ne C*Q, let it be possible to choose one correlator out of the class of corre- 
lators (S*N)smor Ν᾽, for every N which belongs to C‘Q. That is, assume that 
it is possible to make a selection from the class of classes of correlators. 


If « is such ἃ selection, then su will be a double correlator of P and Q, if 
P,Qe Rel? excl. 


The following propositions, down to #164°421, are lemmas for #16443. 
#1644. bs, Ve OQ. Dy. RN ε(8' ἢ) amor Ν: 5. R“OQ=CRQ 


Dem. 


Γ᾿ 4144. Db. OSR«COD = ΒΟ Ὁ (1) 
ΓΕ. 16111.9 Ηρ. 9: Με 0.9. ΠΕ Ν Ξ ΟΝ: 
[*37°68] D>: TS REOD = σορῷ (2) 
F.(1).(2). DF: Hp. 3: ΠΕ ΟἿ = sO O°*@ 
[#16222] = (S'Q: D5. Prop 
*16441. bs. Qe Rel?excl: Ne OQ. Dy. BSN c (S*N) smor Ν᾽ :9. 
SRC QUEL Cls 
Dem. 
Ε..15111.,9}Ὲ :- Ηρ. 9: Mi Ne OO. qi GR MUndRN.D. 
πὶ OM ACN. 
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#164411. 
Dem. 


#*164'412. 


#164413. 


Dem. 
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[163-11] >.M=N. 
[30:37] >. RM=RN (1) 
Εν Ἀ16111.2:-.- Hp.d:MeCQ.>.R Mel 1 (2) 


b.(1).(2).#72'32.2-. Prop 
+: S3Q ε Relexcl. ShO‘Qe1—>1. Hp *1644.3.#R“CQeCls— 1h 


b.xl5L11.3+:.Hp.o:M Ne CQ. qi DRM on DRN.O. 


qi CSM acs. 
[*163°11.*150°22] >.SM=SN. 
[*7 1-532] >.M=N. 
[*30°37] >.R'M= RN (1) 
Ε.Ἀ16}11.2Ἐ: Ρ.2: Μεθ... ΕΜΕεῚ -- (2) 


Εν (1).(2). κ72.321. 2. Prop 


Fs. 550, 0 ε Rel?excl. δὲ ΟἿ ε1 -Ὁ ἢ: 
Ne OQ. ὃν. ΕΑΝ (SN) smor Δ᾽ :9. ἐ “ΟΤὉ ε1.-.»ἢ} 
[*164°41°411] 


Ε- Hp *16441.9: 
NeCQ.3. BN = (KROQ) OW. SN = (ROC QIN 


b.#4113. DF:Hp.MeCQ.D.RNCHROD. 


[*72-92.%164-41] >. RN =(sROOCQ)PCRN 
[#151-11.Hp] = (ROD) TON (1) 
Εν. 1511. 9 Ε:ΉΗΡ. ΕΟ Ὁ... ΒΝ ἘΞ ΝῊ Ν 
[(1).#150°32] = («R“OQ) IN (2) 
F.(1).(2). 9+. Prop 


#164414, Ε: Hp *164-41.3.S3Q=(sR“OQ)4+IQ [*164-413 . #150135] 


#164'42. 


#164421. 


b:.Q, SiQe Relexcl. Sf ΟὉ ε1--}}: 
Ne CQ.3,. RN e(S‘N)smor Ν᾽ 19. 
R“C OH ε (S3Q)smor smor Q [*164°4°412°414-1] 
bi. P,Qe RePexcl. St C'Qe Psmor Q: 
Ne CQ. Dy. RN (SN) smor Nid. 
#R“CO'Qe Pamor smor Ὁ [#164-42] 


The following proposition, besides being used in proving all subsequent 
propositions of this number (except *164'432°433, which are mere lemmas for 
*164°44), is used in *251°6, in the theory of ordinal numbers. 
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*16443. [:.P,QeRelexcl. Se PsmorQ. 
=X {(qN). Ne CQ. r= (SN) sor N}.D: 


, Reesu. 2. sD‘ Re Psmor smor Q. Κὶ = (DR) pp OQ 
em, 


Ε. 88.2.22. 9 Ὁ 1 ΗΡ. Rees'u.d: 
N ceO'Q.>. R4(S4N) amor N} e(S‘N) smor Ν : sD‘ τ Rp (1) 
b.(1).-Dh:. Hp(1). T=XN [Ne C'Q. A = (S‘N) mor N}.D: 
NeO'Q.>. BTN ¢(S*N) amor NDR = RTOQ: (9) 


[κιθ443 ΠΝ >:8D‘RePsmorsmorQ (3) 
. (2). #164413 AA #15111. 485°71 Dt: Hp(2) «D.S=(sD‘R POO (4) 


F.(3).(4). DF. Prop 


#164431. F:. P, Qe Rel excl: (5). Se Psmord. 
at eX {(q¥V). Ne CQ). X= (S4N)smor N}: >. Psmorsmor ἢ 
[*163-43°11] 


*164'432. ΕἼ Se Psmor Qn Ri‘smor. 2. 
Awed{(qN). Ne CQ. =(S*N) smor N} 


Dem. 
Εν 615111.}Ἐ Ηρ. 2: Δ εσὉ.2. Δ εκ. 
[¥71°31] >.(S*4N) SN. 
[Hp] > .(SN)smor Ν. 
[#15112] D.q!(S*N)smor V:. Ε΄ Prop 


*164433. ΕἼ Multax.3:SePsmorQoRli‘smor.). 


a lead (qi). Ne O'Q. X= (S‘N) amor N} 
[*164-432 . *88°37] 


All the remaining propositions of the number are important. 


#16444. [:.Multax.3: P, Qe Relexcl.q!Psmor Qn Ri‘smor.. 
PsmorsmorQ [#164'433°431] 


*16445. Ε:: Multax.3:. P, Qe Rel’excl. 3: 
a! Psmor Qn Ri‘smor.=.PsmorsmorQ [#1644417] 


#16446. [| :.Multax.3:P, Qe Reltexcl.q! Psmor Qn Ri‘smor.). 
ΣΡ smor =‘Q  [#*164-44-151] 
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*16447. §£:R,SeNr‘Q. CR, CSeCilNr'P.9.q! Rsmor Sn Ri‘smor 
Dem. 
F.#15254. DF: Hp.d.RsmorS. 


[μ161.19] >.q! Ramor g (1) 
F.x60°2., IF: Hp.d:MeCOR.NeECS.D.M,NeNr‘P. 

[*152°5°4] >.MsmorV (2) 
t.#15111381.5+:.7eRsmorS.3:M7TN.D.MeCOR.NECS (3) 
F.(2).(8). DE:Hp.d:LeRsmorS.5.7Esmor (4) 


F.(1).(4). DE. Prop 


#16448, ΕἼ: Multax.3: BR, Se Rel* excl a Nr‘Q. CR, CS CISNr‘P.2. 
RsmorsmorS.2‘Rsmor‘S [*164°47-44°46] 


*165. RELATIONS OF RELATIONS OF COUPLES 


Summary of *165. 


In the present number, we shall give various propositions concerning the 
relation P | 50, which has the same uses in relation-arithmetic as a | “8 has 
"3 32 


in cardinal arithmetic. The propositions of this number will be used in the 

next number to establish the properties of the arithmetical product of two 

relations @ and P, which is defined as 2‘P | 9. Again in connection with 
“3 


exponentiation the propositions of the present number will be useful, since, 
after the product of a relation of relations has been defined (*172), we shall 
define exponentiation by means of the definition 

P exp Q= Prod‘P 4 3Q Df. (Cf #176.) 


There will also be occasional uses of the propositions of this number through- 
out the theory of series. The relation P | 50 is important because its structure 
"7 


is thoroughly known. It is a Rel*excl which consists of Nr‘Q relations, each 
like P (*165:27); and if Psmor P’.Qsmor Θ΄, we can construct a double 
correlator of P |5Q and P’ |3Q’ without invoking the multiplicative axiom. 
5} "J 
Tn fact we have 
*#165'362. Ε: Rf C‘P’e Psmor P’. Sf CQ’ e Qsmor Y.O. 
(Ri 5}} CSP’ 1 5Q' e(P 0) smor smor (P" | 7Q’) 
5) 5, 5} 
This proposition should be compared with *113:127. In virtue of *164°31, 


together with various propositions of *165 and «166, it will appear that 
*165°362 includes *#113:127 as part of what it asserts. 


In the present number, we begin with a set of propositions on fields. 
We have 


*165:12, +.C*P L 1Q=P 4 “CO 
#16513. 1. CPL z=] 26CP=(CP) Lz 
whence ᾿ 
Ἀ16614. Ε. 6ΟΡ υρΞ (ΟΡ). “CQ 
which connects the theory of P13Q with that of a | “‘8 (#113 and 5116). 
Hence " 
416616. Ε. CRP | 3Q=CQx CP 
In *166, we shall define Qx P as =P J 3Q; thus the above will become 
b.0(Q x P) = Οὐχ OP, 
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We next have a set of propositions concerned with P| as a relation, 
"7 


and with the circumstances under which we can infer r=y or P=Q from 
dataastoP|awandQly. We have 
5} "3 


#16521. |. P | 3Qe Rel? excl 
*165°211. Ε: ἢ [ΟΡ Lan OP ν.2.ὅ-͵ν 
κι6622. ΕἸ ΠΡ.Ξ.0Ρ 141-91 
We then have various propositions concerning A, of which the chief are 
#165241, F:Q=A.)D. PIiQ=A 
#165°242, FrP=A.q!Q.9.PL3Q=ALA 


We have next four propositions which are constantly used, proving that 
P |5Q consists of Nr‘Q relations each like P. These propositions are 
"3 


#165-25. F:q!P.o. P J >Qsmor @.(P ff OQe(P | 3Q)smor Q 
*165-251. |. PiasmorP. ( La)P OP e(P | «)smor P 
#16526. Ε. ΟΡ | >QCNr‘P 
#16527. Fin! Ρ. 2. ὶ Ὁ ε Rel? excl n Nr‘Q. C‘P 4 Ὁ e CI‘N1*P 
From ¥*165°3 to *165°372, we are concerned with constructing a double 


correlator of P | Ὁ and P’ | 3 when we are given simple correlators of P 
5 52 
with P’ and of Q with Θ΄. The result (*165°362) has already been given. 


Hence we have 
*165°37. F:PsmorP’.QsmorQ.3.P ἡ ΣΟ smor smor ΡῚ 3Q’ 
and by *164°48 and #16527 we have 
#16538. F:.Multax.3: 
Re Rel? excl οι ΝΟ, CR CNr'P. >. Rsmorsmor P ἡ ΠΝ 


Hence propositions concerning a series of β series, each containing a terms 
(where a and β are relation-numbers), which in general require the multi- 
plicative axiom, can be deduced, assuming that axiom, from propositions (not 
requiring the axiom) concerning P 4 Ὁ, where Nr‘P =a and Nr‘Q= 9. Thus 


the use of P | "0 enables us to minimize the use of the multiplicative axiom. 
“3 


#16501. +.P|z=|25P [#1506] 
#1651. +:R(P L Q)S.=.(qz,v).2Qw.R=)2P.8= ὦ} [#15062] 


Ἀ165611. F:X(lL2P)Y.=.(qay).¢Py.X=alz.Y=ylz2 [15055] 
*165:12. +.O°P L Ὁ =P “Οὦ [*150°22] 
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*165:13. ΕΟ. J z=) 28CP=(OP) 2 [#16501 . #15022 . 438-2] 
*165°131. F.C“P | “8=(C*P) | “8 [*165°13 . #38°11 . *37°68] 
"7 ” 
κ16614. Ε΄ OOP | 3Q=(C8P) | «CQ [516615:181] 
57 32) 
#16515. Ε. sO“ CSP υρτ OQ x CP [*165°14. *113'1] 
#16516, +. CP 1 3Q=C0°Q x OP [#165715 . *162°22] 
*165:161. fk: M(FoP | 3Q)N.=. 
εν, 
(qa, ψ, 2,0). 2, yeCP.2Qw.M=alz2.N=y | w 
Dem. 
F.#150°52.5 
bie MPP | 3Q)N. =: (qh, 5). R(PLIQ)S.MeCR.NECS, 
[Χ1661] = 1 (qR,S,z,w).2Qu.R=laP.S=l|wP.MeCOR.NeCS, 
[1650113] =: (GF, S,2,w).2Qu. R=) 2P.S=|wiP. 
ἤἔε ΟΡ. Nel w CP. 
([*21-151] i(qz,w).2Qw. Mel CP. Nel ΟΡ. 
[*38°131] (qa, y,2,w).2Qw.ayeOP.M=alz2.N=y]|w:. 3t.Prop 
#165162. Ε: ΟΡ | 9Q)N.=. (qa,y,2).2Py.zeOQ. M=alz.N=y]2 
Dem. 

F. #165°12.#4111.5 
ΓΜ ΟΡ ΩΝ. .Ξ. ἃ). ReP | “CQ.MRN. 
[9815] ΞΞ (42. “εὐ ῷ. M(P ἡ}. 
[*165-01-11] = .(qa,y,2).0Py.zeC'Q.M=alz.N=y]z:3+.Prop 
#16517, Ε- MSP LQ) N=: (qay,2,w): 

ayeOP.z,weCQ:zQw.v.z=w.cPy:M=alz.N=y]w 


oe 


He ow 


Dem. 
F .*165°161'162 , *162°11.5 
ΜΡ 1 3Q) N=: (qa,y,2,v). 0, yeCP.2Qu.Maalz.Naylwov. 
(qa, y,2).e2Py.zeOQ.M=alz2.N=y lw: 
(qa, y,2,w).2,yeC*P.2Qw.M=alz2.N=y]u.v. 
(qa, y, z,w).2Py.z,weOEQ.z=u. M=ae)2.N=y)u: 
[*33°17 44°71] = : (qa,y,z,w).0,yeC'P.z,weQ.2Qw.M=axlz.N=ay]w.v- 
(q2,y,2,w).2,yeOP.zweC'Q.cPy.z=w.M=alz.N=ylw: 
2(qa, y,2,w)ia,yeC"P.2z,weCQ:2Qw.v.z=w.aPy: 
M=alz.N=yl|w:.3+. Prop 
#16518. + .Cov'P 13Q=P{ iQ [150-12] 


[*13°195] 


[#1 1-41 44-4] 


¥165181. +.Cav'P)2=PJ2 — [*16501. #15012] 
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4165182. Ε. CnviP [3Q=P | Ὃ [165181 . #15035] 
“2 "3 


#16519. +.Cav'CnviP |3Q=P | }Q=CnviCnv'P Ὁ [¥165-18182] 
«1652 +.P J e1-»Cls [#7214] 
κι06201. +. O(P | 2)=(OP λυ 
Dem. | .*851038. DF: y (CP fifz)z.=.yeOPR: 
[¥85°51]  DE.(HP 7 efzateie=] cP 
[*165°13] = COP t z).2+-. Prop 
4165-202. +. OOP | 3Q=(OP F OQ)aKuO'Q [*165-14 . #113103] 
*165'203. F. CHOP | Ὁ ε Cls? excl [#8455 . ¥165'202] 
*165°204. Ε :OP Lam OP Ly.= Phe=aPly 
Dem. 


+. #165713 . *#55°232 .D 
k:OPlae=COPly.qiCPlae.d.¢c#=y. 
"J "3 5} 


[*30°37 | > -Pila=Ply (1) 
F.*83°241 DF: OP la=OP ly. OP LoaA.d.PlonA.Ply=A (2) 
F.(1)-(2).DF:OPLe=OPLy.3.Pla=Ply (3) 
Ε.(8). 80.37.2. Prop 
#165205. +.ChD‘P | ε1 -] [*165°204 . #7158] 
*165°206. Ε :(2).E! Pi ‘os (a).aCQ‘P 4 [#38'12 . #33431] 
#16521. Ε, Pi +Q € Rel? excl 

Dem. + .#165°205 .*150°203.24. Cf ΟΡ {ἢ ell (1) 

Ε. (1). κι 66.908. ΚΙ 68:17. DF. Prop 

#165211. bigiC’PlanGPly.d.c=y [κ16518.. κὅ8.282] 
165-212. brqIP.=.giP la 

Dem. 
Γ. 166 1101. 3: qi Pl o.=.(qX,V,a,y).ePy.X=al2.Vaylz. 
[Κ13:19] ᾿ ΞΕ «(ὦ Ψ). ΦΡῳ τ 2. Prop 
*165-22. FigiP.2.Plel—l 

Dem. 


F.*165°212. 3: Hp.d:q!Pl a: 
[*30°37.*24°571.433'24]:Pla=Ply.d.qiCPlanOPly. 
“9 “y "ἡ ay 


(#165-211] 2. τὰ (1) 
Γ. (1). #7154. *165°2. 34. Prop 
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#165221. Fi. 1}. 9: 1 P| eAPly.=-Ple=Plys.asy 
a9 5 . 5 


Dem. 


F. #83252. 9F ryt PL eaAPly.d.qiO Plan COP Ly. 
- ey 3 7 


[*165°211] 


>.2=y 


#165212 #25571. 2 Ε: ΤΡ. Dray. qi PlLaeaPly 


Ε. (1). (2). #165212. 
#165222. bz. P. Digi OP lanOP ly. 
+ 5 


*30'°37 . DF. Prop 


[Proof as in *165°221] 
#165223. Fi.q!P.O:Pl3Q=PIIR.=.Q=R 


Dem. 


=- OP a= OP ly.s.a 


F. #15131. #16522.3h:.Hp.d:P13Q=PLjIR.D.Q=R 
Ε. 43429 .41501. DE:Q=R.D.PIL3Q=PIIR 
5} 53 


F.(1).(2).5+. Prop 


#165-:23. +:Pla2=Q\|y.3.P=Q 


Dem. 


#72184. #150153.3: ΦϑὍὦὃὸύταε ξ «0.2. Ρ-ρ 
Ε.(1). 1661. Ε΄. Prop 


*165-231. ΕἸ Pl aw=Q)a2.=.P=Q [κ165.28. κ80.51] 
% ΝΣ 
Ἀ166.292.ὄ Fi.g!P.v.qi@:I:Ple=Qly.=-P=Q.asy 


Dem. 


F.*16523.DF:n Ρ e=Qly.3:P=Q: 
"3 "3 


[*13°12.Hp (1)] 
[*165-221] 


I:Plo=Ply.Qlao=Q] 


I:qiP.d.e2ay: Gi Q.o 
F.(1).(2). deat P.vegiQ:a:Pla=-Qly.d.P=Q. 


F.(3).%*13°12°15 . 3+. Prop 


#165238. Hig !OP Lond Qly. 


[455-232 . ¥165-13] 
#16524. f:P=A.D.Ple=-A.PL=uvATV 


Dem. 
F.*165°212. Transp. 
Ε, (4). «388-1. 
[#51-15.%24-104] 
[*35°103] 

Ε. (1).(2). DF. Prop 


DH: P=A.>.Ppa=A 
Ih: P=A.d:R(PI)e. 


ΠῚ on 


Ys 
C= 
c= 


¥ 
¥ 


=.a=y.qiOPantQ 


»R=A. 


Ret'A.ceV. 
Κλ). 


379 


l 
ῷ 


(2) 


(1) 


(1) 


(2) 
(3) 


(1) 


(2) 
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4165-241, F:Q=A.3.P)iQ=A [*150-42] 
*165-:242. F: P=A.4 10.393. Ρι 0 πλιλ 


Dem. 
b.¥165°1-24. 3: P=A.I:R(PL3Q)S8.=- (ae, ὦ). Qu. R=A.S=A. 
[#1035] =.q!Q.R=A.S=A (1) 


Εν (1). 6618. 2 +. Prop 
Ἀ6165.248, Fig! Q.=-q!P JQ 
Dem. 
Fex1651. igi P 1 3Q.=. (qa, y, 8,8). 2Qy.-R=PloS=P ly. 


[%13°19] = .(qa,y).aQyi Db. Prop 
*165°244, brheOP1iQ.=.P=A.q1Q.5-PLiQ=AlA 
Dem. . 
F.*165°212°12. DrrAcOP13Q.9.P=A (1) 
F. #1024. #3324. ΞΕ: ΛΈ ΟΡ. 0.5 ΤΡ. 
[*165°243] 5.10 (2) 


Εν #165°242 κὅδ1δ. ΞΕ P=A.g1Q.d.AcCP LIQ (3) 
Ε. (1). (9). (8). DhrAeOPLiQ.=.P=A.q1Q (4) 


b. 5515. DtsPL3Q=ALA.D.AcCP iQ. 

[(4)] >.P=A.q!1Q2 (8) 
(5) .#165°242 . DkiP=A.g1Q.=.PLiQ=AJA (6) 
+. (4). (6). D4. Prop 


#165245. t:.q!P.v. Q=A:=s. Ane CP 15Q. = Ane (CP) | “OR 
[#165°244.. Transp . #33°241 . *165-14] 

#16525, F:iqiP.> - P 1 >Qsmor Q. (Py POCQe(P | +Q)smor Q 
[¥*165-22°206 . #151231] 

#165251. Ε΄. P| asmor P. ( La) OP e(P | w)smor ἢ 
[*72-184.. %55-21 . #151-22] 

*165°'26. Ε΄. ΟΡ 4 3QCNr‘'P [#165°251°12 . #152711] 

*165-27. F:q!P.3.P Ν 50 ε Rel? excl mn Nr‘Q.. CP 4 3Q ΟΝ Ρ 
[*165°21°25 . #152°11 . #165°26] 

The following propositions are concerned in proving that, if R is a correlator 


of P and P’, and S is a correlator of Ὁ and θ΄, then R|| 8S (with its converse 
domain limited) is a double correlator of Pi iQ and P’ | 3Q’. This proposition 
3 ¥ 


is required subsequently in establishing likenesses. 
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41653. ΕἸ EMR y.d. | fRy=Rlé ἃ τὴν 


Dem. 
Γ. 541. κ3811. DF τῷ [Π|0 cyl} w.=.(qv).uRv.o(yl2)w. 
[κὅ518] =.uRy.w=2 (1) 
F.(1).4804. Dk Hp. drul(R\ | cyjw.s.u=Ry.w=z. 
[#55°13.*38-11] = .u()2Ry)wi. Dk. Prop 


*165°301. F: Rel +Cls.3.]2|/R=(R|)|(L ara 
Dem. 
F. #1653. DF. EIRY.O:M{((l2a|Rly-=.M(R)l( lay: 
[¥71-16.#34-36] Dk. Hp. d:M((]2)|B}y.e. 
MR) i La y-yeC‘R:. 3+. Prop 
*165:302. F:ENR“OP.D. | 2 RiP=R\3 | 2P 
Dem. 
F.*1653.3F:.Hp.dryeCP.9.) ARy=Rlf | ety (1) 
F (1). #1503513. +. Prop 
#16531. ΕἸ EN RCP... (RiP) | z=R| PI 2.(BiP) | 1Q=(K }}Ρ 4 3Q 


Dem. 
F.*165°30201.5+:Hp.3.(ReP)lz=Rjs Plz (1) 
ay my 


[#1501] =(RI)HP | 2 (2) 
Ε. (1). (2). #15035... Prop 
#165311. Ε: RP} OP el Cle. OPCOR.D. 
(RiP) | 2= RiP fc. (RiP) J 3Q=(R/)PP L3Q 
[165-31 . *71°571] 
#16532, ΕἼ EY S%s.D. | (S'2)= (|S) | 2 | (S2)3P=|83 | AP 


Dem. 
+. #341 .#43°101 .*38°101 . 2 


ΕἸ M{(\8)|L aja. (qN).M=N|S.N=ahs. 
(413195) M=(e)2)|8 (1) 
b.(1) 55581. 


ll 


HHI 


Εν ρ. 9:2 {{{}}4 2} απ Maa] (8%). 

[438-101] Ξ 1 (S%2)} « (2) 
Ε. (8). #2143. Db: Hp.>d. | (S*2)=(|S)| | 2. 

[¥150-13] >. | (S2)3P=!83 | iP: D+. Prop 


#165321. ΕἼ E1S'2.3.P | (St2)=|8iP | s [416532-01} 
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#16533. ΕἸ ENS“OQ.D.P 1 383Q=(/S)H5P Ὁ 


Dem. 
F.#165°321 . 38°11. #15071 .5 


tre Hp. 3: σε 60.3.1 S2=(|S)HP 1“ (1) 
F.(1).*150°35.5 Ε΄ Prop 


#165331. bs SPOQel—>Cls. CQCUS.3. P| 3959 = (| SPP 1 3Q 
[416538 . #71571) 


#16534. ΕἸ EN ROP. EN SOQ. D. (RIP) | (83Q) = (Ε} δ} | Ὁ 


Dem. 
Fi. *#165°31 -2-:Hp.). (RP) | (S3Q)=(R [}15} L (50) 
[κ|66588] = (RI)t(| SH Ὸ 
[κ16018:14.(.4801] -αἰ St5(P 1:30 Prop 


x165°341. Ε: RE CP, Sh OQel—>Cls. OPC HR. CQCAS. 9. 
(RIP) | 3(95Q)=(R|S)piP Ὁ [16534 #71571] 


#416535, Ε- RE C'PeCls>1.OPCOHR.D.(R|)P CRP | IQel i 
Ε.Ἀ118118. Κ16616.2 Ε. sDEOS'P | IQCOP (1) 
4 


OEP | 5Q, OP 


Ε.(1). #74751 7 a >|. Prop 


#165361. ΕἼ SP CQeCls—+ 1. 06QCO'S..(|S)P OUP | 3Qel 1 
Dem. 
Ε. ἈΠ8118. #16516. Εν OORP 1 3QCOQ. 
[#74755 Dh: Hp.>.(/S)POSP | 3Qel +1: Dt. Prop 
#165°352, Ε: RN OP, SPOQeCls 1. OP CHR. CQCAS.D. 
(RSP OUP | 3Qel 1 
| #119118 . x165-16 . D 
b:Hp.d.sDHOsP 159 COP. fh OsP | Ὁ COQ. 
[¥74-773] D «(BI S)P ΟἽΣΡ |3Qel—+1:3F. Prop 
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*165°36. Ε: ΚΓ C'P’ePsmor P’.>. 
(RI )P CSP’ | 3Qe(P J 50) smor smor (P’ 1 7Q) 
b ay 


5" 


ven f.#15122.416535. Db: Hp.d.(R/)PCUP L3Qel—1 (1) 
t. #433. Dt. CORP LIQCaR| (2) 
#15122 .#165311.3t:Hp.d.PLIQ=(| RHP LIQ (3) 
F.(1). (2). (3). #16418. +. Prop 

#165361. +: 


Sf CQ’ eQsmor 6΄.3. 
(| S)PORP | Ὁ’ (ΡῈ ἦ0) smor smor (P 1.507 
[*165°351-331] 
The proof proceeds as in *165°36, 
*165:362. Ε: RE C‘P’e Psmor P’. Sf CQ'e Qsmor Y.D. 
(Ri S)[ CSP | 3Q'e(P | 3Q) ὅππδε ὅτῖσε (P’ (Ὁ) 
[*165°352°341] 
The above three propositions are of great utility in relation-arithmetic. 
#16537. |: Psmor P’. Qsmor Q’. 9. P | >Qsmorsmor P’ "6' 
[*165°362 . Κ16411. #15112] 


*165°38. F:. Multax.3: Re Rel?excla NrfQ.CCRCNr*P.3. 
Rsmorsmor P | 3Q 
% 


Dem, 
Εν #16448 .%165:27. 2+: Hp.qgiP.d.RsmorsmorPliQ (1) 
53 


F.*153°17 .*165°241 .5 
F:Q=A.ReRelexcla Nr'Q.>.R=A.PIiQ=A. 

ιν 
[*164°32] >.Rsmor smor P { 0 (2) 
Ε.ΚΙ06342. ΕΙΡ τ ἡ ἀ10.5.}Ρ. πλιὰ (3) 
Ε. 163. 17. κῦὅ]Τ᾽ 4. #15132. 9 
t:ReNrQ.ORCNrP.P=A.q!1Q.9.CR=uA. 
[*56°381] >.R=AJA (4) 
F .(3). (4). #153101 . #164°34.9 
Fk: ReNrQ.CRCNYP.P=A.q1Q.9 .RsmorsmorP 13Q (5) 
F.(1).(2).(5).-. Prop 


*166. THE PRODUCT OF TWO RELATIONS 


Summary of #166. 
The product Q xP is defined as ΣΡ. +Q. This isa relation which has 
ed 

for its field all the couples that can be formed by choosing the referent in 
CP and the relatum in C*Q. These couples are arranged by Q x P on the 
following principle: If the relatum of the one couple has the relation Q to 
the relatum of the other, we put the one before the other, and if the relata 
of the two couples are equal while the referent of the one has the relation P 
to the referent of the other, we put the one before the other. Thus in 
advancing from any term ὦ | y in the field of Q x P, we first keep y fixed and 
alter x into later terms as long as possible; then we alter y into a later term, 
move 2 back to the beginning, and so on. Thus with a given y, we get 
a series which is like P, and this series is wholly followed or wholly preceded 
by the series with the referent ψ', where ψ' follows or precedes y. 

The propositions of this number are for the most part immediate conse- 
quences of those of *165. The most important of them are: 
#16612. +.0(PxQ)=OP x CQ 
#16618. b:.PxQ=A.=:PaA.v.Q=A 

Hence it follows that an ordinal product of a finite number of factors 
vanishes when, and only when, one of its factors vanishes. 


— > ή τ = ay ay 
#16616. +.B (Px Q)=BYP x BQ. BCnv(P x Q)=BP x BQ 
¥166:23. F:PsmorP’.QsmorQY.3.Q x Psmor Q’ x P’ 


This proposition shows that the relation-number of a product QxP 
depends only upon the relation-numbers of its factors. 


*166-24. +:.Multax.3:Re Relexcln Nr. CCRCNrP.D. 
=‘R smor Q x P 


This proposition connects addition and multiplication (cf. note to *166°24, 
below). 


#16642. +.(PxQ)x RsmorP x (Q x RB) 

This is the associative law. The distributive law has two forms: 
#16644. +.3!x P3Q=(2'Q)xP 
#16645. +.(QtR)x P=(Qx P)#(Rx P) 

We do not have in general (cf. note before *166°44, below) 


P x (Q4R)= (Px Q)4(P x R). 
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We have also a distributive law for the addition of a single term, ie, 

#16653. F:q!Q.3.(Qpy)xP=(@Q x P)F(P fy) 

#166531. ΕἸ 10.9.0 (ν ει Q) x ΡῬε( ψ) (Ὁ x P) 


Here again the law does not hold in general for Px(Q-»y) or 
Px(y¢ Q). 


#16601. Qx P= 3‘P15Q Df 
"} 
#1661. $.Qx P=2‘P13Q [(#166°01)] 
#16611. b:M(QxP)N.=:(qe,y,2,w)ia,yeCP.2z,weCQ:2Qw.v. 
z=w.0Py:M=al2.N=y]w [*165°17.*1661] 
#166111. ΕἸ M(PxQ)N.=:(q2,y,2,w):2,yeOP.z,weCQiaPy.v. 
a=ny.2Qw:M=zla.N=wl)y [#16517 .*1661] 
#166°112. Fi.(2)z)(QxP)(y]w).=:a,yeCP.z,weOQ:2Qu.v. 
z2=w.aPy [#166711 . #55°202 . *#13°22) 
*166113. Fira,yeO°P.2,weOQ.O1. 
(a@lz)(QxP)(ylw).=:2Qw.v.z=w.2Py [#166112] 


#16612, Ε΄. ΟΡ x Q)=O'P x 0'Q [#1 65°16 . #166°1] 
*166°13. b:.PxQ=A.s:P=A.v.Q=A [#16612 . #113114, 433-241] 
#16614. big! PxQ.=.q!P.q!1Q [#166°13] 
416615. +.Cnv(Px Q)=PxQ [¥165°19 . 169} 
> = > => τῶν SY 
*16616. +. ΒΡ x Q)=B‘P x BQ. B'Cnv(P x Q) = BYP x BQ 
Dem. 


b. #166111 .*93'103.5 


bi Me BYP x Q).= :(qz,z):teCP.zeOQ.Mazla: 
~ (ay) yPxin(qw).wQe: 


- - 
[98.103] Ξε :(ῃΦ, 2). Φε ΒΡ γε ΒΟ. Μτεγω: 
[#113101] =:Me BP x BQ (1) 
-- sy ay 
b.(1).#166-15.D+. BOnv'(P x Q) = BP x BQ (2) 


F.(1).(2). D+. Prop 
The above proposition is used in the ordinal theory of progressions 
(*263°62°65). 


#1662, +: RE C'P’e Pamor P’.>.(R})P C(Q x P’) e(Q x P) amor (Qx P’) 
[*165-36 . #166-1 . 16414] 


R&W IL 25 
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#16621. 1: 3} CQ’ c Qamor Q’.D.(|S)P CQ x P) e(Q x P)smor (Q’ x P) 
[*165°361 . ¥166-1 . #16414] 
«166-22. +: RE C'P’e Psmor P’. Sf CQ’ e Qsmor Q’.D. 
(BIS) P OQ! x P) e(Q x P) amor (Q' x P’) 
[*165°362 . «166-1. *164°14] 
This proposition gives the correlator for the product when correlators are 
given for the factors. 


#16623. +: Psmor P’.Q@smor Q’.>.Qx Psmor Q x P’ 
[*166°22 . *151-12] 

This proposition enables us to use Q xP to define the product of the 
relation-numbers of Ὁ and P, for it shows that the relation-number of Q x P 
is determinate when the relation-numbers of ᾧ and P are given. We shall 
therefore (in Section D of this part) define the product of two relation- 
numbers v and » as the relation-number of Qx P when N,rQ=v and 
NorfP = p. 

#16624. +: Multax. 9: Re RePexcln Nr'Q.O;RCNrP.D. 
=fRsmorQxP [#16538 .¥164-151 . *166'1] 

This proposition exhibits the connection of addition and multiplication. 
If we put Nr‘P= 4 and Nr‘Q=», then =‘R in the above proposition is the 
sum of ν relations of which each isa μι In virtue of the above proposition, 
it follows that (if the multiplicative axiom is assumed) Nr‘S‘R=px pw. In 
other words, assuming the multiplicative axiom, the sum of ν series (or other 
relations), each of which has » terms, has v x μὶ terms. 

#1663. Fig i O(PxQ)n0(P’ x Q).=.qiCPantP .q@ilQand?y 
[*166°12 . #113:19] 
The analogous proposition 
mi(PxQ)A(P’x Y).=! 
ἢ ΤΡ ἃ Ρ). Gi CQnC?R vig i(Qagd).qilPacP’ 
is only true in general if PE J.P CS 
#16631. + .sO(Qx P)=CPT CQ [#113115 .*16612] 
#166311. Fi! Q.9.sDOC(QOxP)=OP: G1 P.3.s1C(Q x P)= OQ 
[4113-116 . *166°12 . κ88.24] 
#166312. + .sfDC(Q x P) CCP. SACO x P)C CO 
[*113°118 . *166°12] 

The following propositions are lemmas for the associative law (#166-42). 

*1664. Fi M{(PxQ)x RIM .=:(q2,y,2,2,y,2'): 
σις ΟΡ ιν eOQ.2,2e¢CR: 
aPa ιν. ἀπτεα γῶν... ἀτεα yay the’: 
M=2\ (ya). M=2' L(y Je’) 
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Dem. 
Ε.Ἀ116111.9 1. M{(P x Q)x BR} MW .=:(GN,N,2,2’): 
N,N’ ε O(P x Q).2,2 COR: N(PxXQ)N wv. Ν -Ν'. 26: 
M=z2|N.M=27 |W’: 
[%116°12.4113-101J=: (GN, Ν᾽, ὦ, α΄, ψ, ψ΄, 2, 4}: 
aa eOP yy eOQ.2,7eCOR. N=yla.N ταν ἢ a’: 
N(PxQN v.N=N 2h’: Maz NM a7 N': 


[¥13-22.e116113] ΞΞ : (πα, α΄, ψ, γ΄, 2,22): ὦ, α' eC P.y,y eCQ.2,7eCOR: 
ΦΡα.ν. ὠτεα γῶν. νον 4 ὠτεγ' ἃ α΄.“ ΕΖ: 
Masl(yj2).W=2 1 (ye): 

[#55202] =:(qa,2',y,y',2,2 ia, «COP .y,y ¢CQ.2,2 «CR: 


ePe .VvVic=e’ γον vitae .y=y’.zRe': 
M=zl(iyle).We=2 (ψ' 1 2): 3. Prop 
*166°401. Ε:. N{Px(Qx RM .=:(qa,2,y,y,2, 2) 
ax eOP.yy eCQ.2,7eCR: 
aPe vV.t=2 yQy .V.ee=a yy .2} 2’: 
N=@lyleMa=ely)le 
[Proof as in *166°4] 
«16641. Ε: T= MN (qa, y,2).2eOP.yeOQ.2eOR. Maz] (yla). 
Ne=(zly))a}.5.7e{(P x Q) x ΕἸ smor {P x (Qx R)} 
Dem. 
b.*2138.5Db::Hp.d:. MTN. MTN .3: 
(qa,a',y,y',2,2):a,veOP.y,yeCQ.2z,26¢OR: 
Mazel (y)a).M=2 Wy le): 
N=(@lyleaNea@ lye: 


[*55-202] 9 :(ης, αὐ, ψ, ψ΄,2,27). Μπ|:4 (ν. “). Μ' τ ξ ἢ (ψ' 2’). 
ama yy cme’: 
[13-22] >:M=M’ (1) 
Similarly +:.Hp.3:MTN.MTN’.3.N=N (2) 
Ε. (4). (2). Dt: Hp.d.Telol (3) 


Ε. 2138. Ν1819. :ΗΡ.2. 
47- Κὶ {(qa,y,2).2eCP.yeCQ.2eCR.N=(zly) αἱ 

[*113°101] -Ξ- ΟΡ χ(ΟὉ x ΟΕ) 
[Κ16612] =O[Px(Qx Ry} (4) 
F.*166-401.3¢::Hp.d:.M{T(P x(Qx RB) M.=:(qa,a',y,y2,2,N,N): 

aeelP.yyeCQ.22e¢CORNe(elyla.M=(/]ly) lo“. 

Mazl(yl2).-M=7 Ψ' 15}: 

Ρα.ν. ἀπε γον Vitae γ τεγ'. 2} ε΄ : 
[¥13-19.%166-4] =: ἡ {(P x Q) x R} Μ' (5) 
F. (8). (4). (δ). #15111. 5+. Prop 
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#16642. +.(PxQ)xRsmorP x(Qx RR) [*166°41] 

This is the associative law for the kind of multiplication concerned in this. 
number. 
#166421. PxQx R=(PxQ)xRk Df 

This definition serves merely for the avoidance of brackets. 


The two following propositions give the distributive law. In relation- 
arithmetic, this is in general only true in one of its two forms, .9. we have 


(QER) x P=(Qx P)F(Rx P), 
but not Px(QtR)=(P x QA(P x BR). 
The latter is true for finite series, but not for infmite series or (except in 
exceptional cases) for relations which are not serial. 


416644, b.3*x PIQ=(3'Q)x P 


Dem. 
Εν. #1661. #3811 #1501. DE. ES x PIQ= ESP [HQ 
[#1623435] = 2'P | 340 
[*166-1] . = (EQ) x P.3t. Prop 

4166-45. +.(Q4.R)x P =(Qx P)S(RxP) 

vem #166-1 DF .(Qx P)E(Rx P)= EPL QEEP LR 
[4162-31] =3(P | 3Q4P | 3R) 
[¥*1 62°36] =2'P 1 i(QtR) 
[¥166-1] =(Q4.R)x P. Dt. Prop 


The following propositions (*166°46—-472) exhibit the failure of the 
distributive law in the form P x (Q#.R)=(P x Q)£(P x R), and give certain 
results for special cases. They are not referred to except in this number. 


416646. +.(PuQ)z=PlevQ ls [#165-01. #1503] 
W166461, ΕΟ “ΟΡ ὦ Ὁ). Ἐπ ΟΡ LiRvSOQLIR 
[κ416..1686:12.. 4166-46] 
#166462. +. ΡΆΡ ὁ 0). ἘΞ PP ΤΕ PQ Εν MN (qe, ν, 5, γ: 


zRurxveeOP.yeOQ.v.ceOQ.yeOP:M=alz2.N=y]u} 
Dem. 


b.*165161. D+. F(PwQ) LR 


= MN (qx, y,2,w).2,yeOP 00°Q.zRw.Maxl2.N=y hu} 
[22°34] = MN ((q2,y, 2,w)ra,yeCP.v.a,yeCEOQ.v. 
veOP.yeCQ.v.reOCQ.yeOPizRkw.M=2l2.N=ylw} 
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[vel 1-41.4165°161] = MP LiRw FiQ 4 iRw MN (qa, Y,2,W)s 
neOP, ye CQ.v.xceCQ.yeCP: 
eRw.M=2)2.N=y]w}.3+. Prop 
#166463. |: OP CO?Q.3. FP RERQILIR [*165°161] 
#166464. F OPCOQ. 9. (PQ) ἘΞ FQ YR= FIP FRoFIQUR 
Dem. 


Εν #166463. 3+: Hp. >. FIP {IRC HQ IIR (1) 

.*83-262. Dh: Hp.d.C(PuQ)=C%. 

[*166°463] >. F(PvQ)[iR=FIQ IIR (2) 
"} "3 


F.(1).(2). +. Prop 


«16647. +.Rx(PuQ)=(Rx P)o(RxQ)o LN (qa, y,2,w): 
weOP.yeOQ.viceCQ.yeOP:izkhw.Maalz.N=yl|w} 
[*166°461°462°1 . *162°1] 
#166471. F:C*PCOQ.9.Rx(PuQ)=(RxP)u(kx Q) 
[*166°461°464] 
#166472. |. Rx(P£Q)=(Rx Phu(RxQukx (CP I CQ) 
Dem. 
+. #L66°471 . #38585 . 2 
FagiQ.O:Rx(PEQ=(Rx Plu Rx i|Qu(CPFT CQ}: 
[*166°47 1.*35°86 ] 
IighP.dIRx(PEQ=(RxP)yu(RxQvukx(CPFTCQ) (3) 
F.#*160'21 .*166°13.5 
b:Q=A.3.PHRQS=P.RxQ=A.Rx(COPTOCQ=A. 
[*25:24] D.Rx(PEQ=(RxP)o(Rx Qu kx (CP 1 CQ) (2) 
Similarly 
b:P=A.3.Rx(P#Q)=(RxP)u (Rx Qu kx (OP F CQ) (8) 
Ε. (4). (2). (3)... Prop 
The following propositions are concerned with the distributive law for the 
addition of a single term to a relation. This law, in the form in which it holds, 
15 given in *166°53'531 (remembering Nr‘P 4 y= Nr‘P). *166°54541 exhibit 
the failure of the other form. 
*1665. +.(Qu R)x P=(Qx P)u(Rx P) 
Dem. 
F.*xl661.3+.(Qu R) x P= ‘P 1 3(Qu R) 
[*162°27 ] =='P | Qu dP Lik 
[*166-1] =(Qx P)u(Rx P).>+. Prop 
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*16651. F.(Qpy)xP=(Qx Phu(CQtey)xP [*166°5 .*1611] 
#166511. +. (y+ Q) x P=(t'y ft CP) x Pu(QxP) 

#16652. +. PLIQpy=PLiQpPly [#1614 . *165°2] 
*166°521. + Plige Q=Ply+ Py 0 

#16653. F:q!Q.3.(Qby)xP=(Qx P\F (Ply) 


Dem. 
#16243. 4165248. bs Hp.d.2(P LIQ Ply =UPLIQtP ly. 
(¥166'52] D.EPLIQpy)=VPLIQEPLy (1) 


Ε.(1). Κ1661.9. Prop 
¥166°531. big! Q.d.(yeeQ)xP=(P Ly) t(Qx P) 
*166°54. +.Qx(Pb2)=(Qx P)wQx (CPF tz) 


Dem. 
F.*l6l1.5+.Qx(Ppay=Qx {[Pu(OP fF ta)} 
[*35°85.4166°471] =(Qx P)wQx (CP fF t'x). d+. Prop 


«166541. +.Qx (a4 P)=Q x (ia F OP) (Ὁ x P) 


SECTION Ὁ 


THE PRINCIPLE OF FIRST DIFFERENCES, AND THE 
MULTIPLICATION AND EXPONENTIATION OF RELATIONS 


Summary of Section C. 


In the present section, we have to consider various forms of a principle 
which is of the utmost utility in relation-arithmetic. This principle may be 
called “the principle of first differences.” It has been explained and used 
by Hausdorff in brilliant articles*. The results there obtained by its use 
give some measure of its importance in relation-arithmetic. It has, however, 
other uses besides those that are concerned with the multiplication and 
exponentiation of relation-numbers, as, for example, in the ordering of 
segments and stretches in a series, or of any other set of classes which are 
contained in the field of a given relation. In the present section, after the 
first two numbers, we shall be concerned with its arithmetical uses, but other 
uses will occur later. 


The principle of first differences has various forms which, though analogous, 
cannot, in the general case, be reduced to one common genus. The simplest 
of these is the relation Py, by which the sub-classes of C‘P are ordered. 
This 15 defined as follows. Ifa and 8 are both contained in C*P, we say that 
aP8 if there are terms belonging to a but not to 8 such that no terms 
belonging to 8 and not to a precede them; 1,6. if, after taking away the terms 
(if any) which are common to a and 8, there are terms left in a which do not 


come after any of the terms left in 8, we. if qia-B-—P*(@—a). Thus the 
definition is 

P= 88 a, @eClhC'P.gta—B—-P“(B—a)} Dé 
It will be seen that this relation holds if 8 Ca. 8+a. Thus it holds between 
any existent member of Cl‘0*P and A, and between C‘P and any member of 
CKC'P other than ΟἿ itself. When P is a serial relation (which is the 
important case for all the relations in this section), Py is transitive (Pq © Py) 


and asymmetrical (Py A Pa = A), but not necessarily connected, 1.6. there may 
be two members of its field of which neither has the relation P, to the other. 
This happens whenever P is not well-ordered; but when P is well-ordered, 
P., is connected, and therefore generates a series. 


* “Untersuchungen iiber Ordnungstypen,” Berichte der mathematisch-physischen Klasse der 
Kéniglich Sdchsischen Geselischaft der Wissenschaften zu Leipzig, Feb, 1906 and Feb. 1907. Cf. 
also his ‘‘ Grundziige einer Theorie der geordneten Mengen,” Math. Annaien, 65 (1908). 
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To illustrate the order generated by P., in a simple case, consider a series 
of three terms, 2, y, z. Let us for the moment write (ὦ |yJ{z) for the 
relation 

aelywelzuy|z, te(ely)pz, 

and similarly we will write («lyj2Jjw) forz|yJ]2z+ τυ, and soon. Then 
assuming #+y.a+2.y +4, 

(ἀν ada (elay fy ἐκ) | (ἰδ vty) 

1 (fe vf) | fe ἡ (uty viete) | ἱῳν Lee LA. 
In this series, a class containing ἃ 1s always earlier than one not containing x; 
and of two classes of which both or neither contain x, one containing y 18 
earlier than one not containing y; and of two classes of which both or neither 
contain 4, and both or neither contain y, one containing z is earlier than one 
not containing z. Thus our relation may be generated as follows: Begin with 
(t*z) | A, which is (z 4} 2)q. Add before these terms what results from adding 
εἐῳ to each; then we have (y | z)4, which is 
(uly uv tfz) ἡ Δ τ’. Δ. 
Now add at the beginning what results from adding t‘a to each of the above 
four classes, and we have («| y | 2)... Thus generally, if e~eC*P, 
(x +} P) y= (tx vpPa + Py. 

Thus by adding one term to P, we double the number of terms in P,. 


Again, if P and Q are two relations which have no common terms in their 
fields, we shall have 


aPyB.y,d6eClOCQ.D.(auy)(P 5 QDa (Sv δ) 
and aeClC'P .yQy6.2-(avy)(P FQ) (av 8), 
while conversely 

a, BeClOP .y, δε CIC. (avy) (Pt ἡ ίβυ δ).3: 
aPgB.V.a=B8.gQu8. 
Hence (avy) (P#EQu (By δ). =-(y) a) (Pa x Qa) (ὃς, 8) 
= avy) (9 C3(Pa x Qu} (8 v 8), 
so that Nr(P Φ Q)q= Nr‘ Py x NrQa. 
These propositions illustrate the connection of Py with multiplication. 
Besides Py, we often require (though not in this Part) the relation which 


is the converse of (P),. This relation we call P,,, so that 


Pi, = Cnv(P)a Df. 
This begins with A, and ends with C*P. 
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Thus we shall have, for example, 


(Lyla Al el iy | (feu tty) 
Life) fav) | (“yy tz) | (αν ety ee), 
Here, if we start from A | t‘a, which is (2 | x), the series grows by adding 
terms at the end: we add t‘y to each member of A | t‘x, and put the resulting 
terms ἐ!ψ, αν ify after A and μα; we then add uz to each of the four terms 
we already have, and add the resulting terms at the end; and so we can 
proceed indefinitely. 


The relation P,, with its field limited arranges the segments of P in 
ascending order of magnitude; if the class of segments is σ, P,,[ o generates 
what may be called the natural order among the segments (cf #212). 


A variant of Py is afforded by the relation Py, (#171), which is to hold 
between two members a, 8 of Cl‘C*P when the first term of either which does 
not belong to both belongs to a, 1.6. the “first difference” belongs toa. This 
relation implies Py, and coincides with it if P is well-ordered; but when P is 
not well-ordered, P,, may hold between two classes which have no first point of 
difference, e.g. (if P is “less than” among rationals) if a consists of rationals 
between 0 and 1 (both excluded) and @ of rationals between 1 and 2 (both 
excluded). The definition of P 4, is 


Ν > > 
Pay = GB {a, Be CCP: (qz).zea—B.Pena—v2e=Panp} Df. 


The relation P, has the interesting property that its relation-number is 
found by raising 2, to the power Nr‘P (cf. *177). As the field of Pa, is 
Cl‘C*P, this theorem is the ordinal analogue of Ne‘Cl‘a = 2Ne (#116°72). 


A somewhat more complicated form of the relation of first differences 
arises when we have a series of series. Let us suppose, to begin with, that 
P is a serial relation whose field consists of mutually exclusive serial relations. 
Thus in the accompanying figure, each ΓΙ. 
row represents a series, the generating 
relations of these series being Q, ... R,.... 

But the series themselves form a series, 7 @ C] 
which may be regarded as generated by 
a relation P whose field consists of the re- 
lations Q,... R,.... (It might be thought 
more natural to take C‘Q, C‘R,... as 
the field of P; but this would lead to confusion in the case when two or more 
of the series have the same field.) Suppose we now wish to find a relation 
which will order the multiplicative class of the fields of Q, BR, ..., 46. the class 
Prod‘O“C*P. In the case illustrated in the figure, in which P generates a 
well-ordered series, and all the members of C*P are serial, and P ε Rel? excl, 
we might use (=P); this relation, with its field limited to Prod‘C“O*'P, 
will then give us what we want. This relation will, in the case supposed, put 


[0] . . ᾿ 4 ----ἁ--ὀα 


[1 -ϑ 


@ - ὙΠ’ — >RYp 
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a selected class 4 before another selected class ν if, where they first differ, 
» chooses an earlier term than v. But if the series P is not well-ordered—if 
it is (say) of the type Cnv‘‘w (cf. *263)—there may be no first member of 
the field of P where μ and ν differ. This will happen, for example, if μ 
consists of all the first terms, and ν of all the second terms. Our ordering 
relation can be so defined as to put μ᾽ before ν in this case also, but if it is so 
defined, the associative law of multiplication only holds if P is well-ordered. 
For this reason, we define our ordering relation so that, in such a case, pw 
comes neither before nor after ν. Again, if P is not a Rel* excl, a member of 
a selected class may occur twice, once as the representative of C‘Q, and once 
as that of C‘R, if C‘Q and C‘R have terms in common. We wish to distinguish 
these two occurrences. Hence we proceed as follows: If ~ and ν are two 
selected classes of C'‘C*P, let there be one or more members of C“P in which 
the w-representative precedes the v-representative, and which are such that, 
among all earlier* members of C“P, the y-representative is identical with the 
py-representative. 


But a further modification is desirable in order to meet the case in which 
two or more of the members of C“P have the same field. Suppose, for example, 
we had to deal with a series consisting of all the series that can be formed out 
of a given set of terms: in this case, we should have to distinguish occurrences 
of any given term not by the field, but by the generating relation. This re- 
quires that we should make an F-selection from C‘P, not an e-selection from 
C“CP. Hence we take two members of ΚΔ. 0}, say M and N, and we arrange 
them or their domains on the following principle: We put M before ¥ (or 
D‘M before D‘N) if there is a relation Q in the field of P such that the 
M-representative of Q, 46. M‘Q, has the relation @ to the N-representative of 
Q, and such that, if R is any earlier member of C‘P, then M‘R is identical 
with N*R. That is, M precedes N if 


(πο) τ 9) Q(N'Q): RPQ. Έφ.9.. MR = NR. 
The relation between M and Ν᾽ so defined has the properties required of 
an arithmetical product; hence we put 
IMPs MUN (M,N ce POP: 
(ὦ) = (MQ) Q(N'Q): RPQ.R+Q.92-MR=NR} Def. 
This relation is the ordinal analogue of ea‘. The ordinal analogue of 


Prod‘« is the corresponding relation of the domains of M and N, 1.6, DsII‘P; 
hence we put 


Prod‘P«DsII‘P Def. 
In case P is a Rel?excl, we have Nr‘Prod‘P =Nr‘Il‘P. But when P is 
not a Rel*excl, Prod‘P and II‘P are in general not ordinally similar. We 
can, however, always make a Rel* excl by replacing the members a, y, etc. of 


* Here @ is said to be earlier than R if Q has the relation P to R and is not identical with R. 
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C*Q (where QeC*P) by a1 Q, y | Q, etc. In this way, if « occurs twice in 
ΟἿΣ ΧΡ, once as a member of C*Q, and once as a member of C*R, the two 
occurrences are made to correspond to « | Q and « | R respectively, and thus 
we get a new relation which zs a Rel? excl. 


If every member of C‘P has a first term, Bf ΟἽ will be the first term of 
II‘P, and B“*C*P will be the first term of Prod‘P. If farther there is a last 


member of C‘P, we. if E! BP. and if this last member has a second term, the 
second member of II‘P is obtained by taking this second term as the repre- 


sentative of B“P, and leaving all the other representatives unchanged, In 
any case, if B‘P exists, the earliest successors of any member of II‘P are 


those obtained by only varying the representative in B‘P. Thus, if BP 
exists, those members of II‘P which have a given set of representatives in all 
members of D‘P form a consecutive stretch of the series, and this stretch is 


like BYP, If ΒΑΡ has an immediate predecessor, the stretches obtained by 
varying only the representative in this predecessor are again consecutive, and 
form a series like the said predecessor; and so on. This makes it plain why 
II‘P has the properties of a product. 


As in the case of cardinals, the definition of exponentiation is derived from 
that of multiplication. We put 
PexpQ=Prod‘P1°Q Df 
"9 


We put also P%s$(PexpQ) Df 


This is an important relation, which deserves consideration apart from the 
fact that it is useful in connection with exponentiation. It will be found 
that 


Pe= MN {M, Ne (COP F CQ)sC'Q:. 
(ay): ye CQ . (My) P (Ny): cQy «a+ ys 2,. Ma = Na}. 


This is a form of the principle of first differences which is appropriate 
when two relations are concerned, instead of only one asin Py. The principle, 
in this case, is as follows: Let M, N be any two one-many relations which 
relate part (or the whole) of ΟἿ to the whole of σῷ. That is, each of the 
two relations assigns a representative in C‘P to every term of C*Q, but 
different terms of ("Ὁ may have the same representative. Then in travelling 
along the series Q, there is to be, sooner or later, a term y whose M-repre- 
sentative is earlier than its N-representative, and terms which come earlier 
than y in Q are all to have their M-representatives identical with their 
N-representatives. 


The relation P? may be subjected to various restrictions which give 
important results, This subject has been treated by Hausdorff. For 
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example, if P=aJ]y (where «+y), and Q is of the ordinal type which 
Cantor calls w, t.e. the type of progressions (generated by transitive rela- 
tions), then if z is any member of CQ, M‘z is always either ὦ or y. If we 
impose the condition that M‘z is to be # except for a finite number of values 
of z, the resulting series is of the type of the rationals in order of magnitude, 
ὦ.6. the type called 7. Ifwe impose the condition that there are to be an infinite 
number of values of z for which M‘z=y, the resulting series is a continuum, 
1.6. 1t is of the ordinal type called 6; in this case, the contained “rational” 
series consists of those M’s for which there are only a finite number of 2’s 
having M‘z=a. If we impose no limitation, P® is of the type presented by 
the real numbers when decimals ending in 9 recurring are counted separately 
from the terminating decimals having the same value. 


We may generalize P?, instead of restricting it. To begin with, we may 
allow our M and J to have only part of C‘@ for their converse domain, and 
remove the assumption that there is a first member of O“Q for which M‘y 
and N‘y differ; this leads to the relation 

SN (M,N e(1— Cls) a RICOP 1 CQ): 
(qy): (M%y) P (N*y): aQy. ae AN .3,.(M%a) (Pu I) (N*a)}. 

Further, we may drop the restriction to one-many relations. It will be 


observed that if (Af‘y) P (Ny), we have y (Mf |P|N)y. Thus we may consider 
the relation 


MN (Mf, ἢ «ἘΠ (ΟΡ 1. CQ): 
(αν) εν (| ΡῚ Νὴ yt eQy. 22.0 {M|(Pwl)|N} αἱ. 
This relation has for its field all relations contained in C‘P Tf C°Q. We may, 
if we like, drop even this restriction, and consider 
MN [((qy)s ye CQ. y(M|P|N)y:aQy.3,.0{M|(Polf ΟΡῚ] ΝῚ al. 
This represents the most general form of the principle of first differences 


as applied to a couple of relations P and Q. In ordinal arithmetic, however, 
P® is sufficiently general for the uses we wish to make of it. 


The formal laws, as far as they are true, can be proved without excessive 
difficulty. We have 


F:P+Q.9.Nr‘II(P | Q)= Nr(P x Q), 
which connects the two kinds of multiplication; 
F: Psmorsmor Q. >. Nr‘ Il‘ P = Nr‘IT‘Q, 
Ft: PeRePexcl. PE J.3. Nr TIP = ΝΕ ΠΣ ΚΡ, 
which is one form of the associative law, of which another form is 


b:P+Q.>.Nr(II'P x IQ) Ξ ΝΕ ΠΡ 10) 
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Also 
bt: P,3*Pe RePexcl. PE J.D.Nr*Prod‘Prod? P = Nr*Prod*=‘P = Nr‘II*S<P, 
which is the associative law for “Prod.” We have 
F:CQnOR=A.D.Nr(Po x P®) = Nr Pete, 
F.Nr&( Pe)? = Nr PR* 2%), 
But we do not have in general 
Nr( PF x 08) = Nr(P x ΟΣ 
which obviously would require the commutative law for multiplication, and 
therefore does not hold in general in spite of the fact that its cardinal 
analogue does always hold. 
As regards the connection with cardinals, we have 
+: Pe Rel? excl. >. C’Prod‘P = Prod‘O'C'P, 
Fim !Q.5.C%(P exp Q) =(C*P) exp (CQ), 
and we have already had 
Ε. ΟΡ x Q)= CP x CF. 
Moreover the correlators by which similarity is established in cardinals 


generally suffice to establish likeness in the analogous cases in relation- 
arithmetic. Thus we have 


Εν Se Pamor Q.>.Se PCO ¢ Py SHOT Qu, 
k: P, Qe Relexcl. Sf ΟἿΣ Ὁ ¢ Pamor smor 9.9. 
S. Ὁ C*Prod‘Q ¢ (Prod‘P) smor (Prod‘Q), 
ks: SP OP’ e Psmor P’. Th CQ’ e Qsmor Q’. 5. 
(S| T)f CP’ exp Q) ε( ἢ exp 0) stior (P’ exp Q’), 


which are all closely analogous to propositions which were proved in cardinals, 


The applications of the propositions of this section are almost wholly to 
series, and it is convenient to imagine our relations to be serial. But the 
hypothesis that they are serial is not necessary to the truth of any of the 
propositions of the present section, and it is a remarkable fact that so many 
of the formal laws of ordinal arithmetic hold for relations in general. 


It should be observed that II‘P is not always a series when P is a series 
and all the relations in the field of P are series. A series (cf. *204) is a 
relation P which is (1) contained in diversity, (2) transitive, (3) connected, 


ze, such that every term of the field of P has the relation P or the relation P 
to every other term of the field. It is the third condition which may fail for 
II‘P, and which in fact does fail whenever P is not well-ordered. Thus 
suppose, for the sake of simplicity, that P is of the type Cnv“‘w, which 
we will call a regression, 1.6. the converse of a progression (cf. #268); and 
suppose that the field of P consists entirely of couples. Take a selection M 
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which chooses the first term of every odd couple, and the second term of 
every even couple; and take another selection N which chooses the second 
term of every odd couple, and the first term of every even couple. Neither of 
these twe selections has the relation ΠΕΡ to the other, for whatever term Q 
of CSP we choose, if M is the selection which chooses the first term of Q, 
there is an earlier term of C‘P (namely the immediate predecessor of ()) in 
which NW chooses the first term while M chooses the second. Hence there is 
no such Q as is required for M(II‘P)N; and a similar argument holds 
against N(II‘P) M. In such a case, ΠᾺΡ generates a number of different 
series, and by suitable restrictions of the field, one of these series can be 
extracted. Exactly similar remarks apply to P*. 


*170. ON THE RELATION OF FIRST DIFFERENCES AMONG 
THE SUB-CLASSES OF A GIVEN CLASS 


Summary of *170. 


The definition to be given in this number of the relation of first differences 
among the sub-classes of a given class is by no means the only one possible, 
in fact a different definition will be considered in *171, In the present 
number, the definition we choose is this: ἃ is said to precede 8 according to 
this definition when a has at least one member which neither belongs to 8 
nor follows any term belonging to 8 and not to a (a and @ being both sub- 
classes of ΟἿ). In other words, if we consider the two classes a—§ and 
8 -- αι there are members of -- £8 which are not preceded by any members of 
8—a. Pictorially, we may conceive the relation as follows (P being supposed 
serial): @ and 8 each pick out terms from C‘P, and these terms have an 
order conferred by P; we suppose that the earlier terms selected by a and 8 
are perhaps the same, but sooner or later, if a+ 8, we must come to terms 
which belong to one but not to the other. We assume that the earliest 
terms of this sort belong to a, not to @; in this case, a has to @ the relation 
P.. That is, where a and 9 begin to differ, it is terms of a that we come to, 
not terms of 8. We do not assume that there is a first term which belongs 
to a and not to f, since this would introduce undesirable restrictions in case 
P is not well-ordered. 


A few of the propositions of the present number will be used in the next 
number, which deals with a slightly different form of the relation of first 
differences, but with this exception the propositions of this number will not 
be referred to again until we come to series. Their chief use occurs in the 
section on compact series, rational series, and continuous series (Part V, 
Section F), especially in *274 and #276, which respectively establish the 
existence of rational series (assuming the axiom of infinity) and the fact that 
the cardinal number of terms in a continuous series is the same as the number 
of classes contained in the field of a progression, 7.e. 2%, The definitions and 
a few of the simpler propositions are also used in connection with the series 
of segments of a series, since, as explained above, the segments of a series P 
are arranged in the series generated by Py,. 

The propositions of this number which will be used in dealing with series 
are the following: 


#1701. bFraPy8.=.a,8eCKO'P.qta—B— P(e —a) 
#170101. ΕὉ Py, = Cnv(P), 


*170°102. F:aP,,8.=.4a,8e ChCP. gq! 8 -—a—P*(a—£) 
(These propositions merely embody the definitions.) 
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417011, tnaPy@. =a, BeOVOP:(qy).yea—B.P'ynBCa 
This form is often more convenient than *170'1. 
#17016. FraCC’P.BCa.B+a.9.aPy8 
1.6. every sub-class of O*P has the relation Py to every proper part of itself. 


#17017. +.PyGJ.P, Ed 
> =) 
#1702. -:.0,8eClO'P:(qy).yea—-B.Pyna=PynB:53.aPy8 


This proposition deals with the case where there is a definite first term y 
which belongs to ἃ and not to @, and whose predecessors all belong to both 
or neither, 

417023. ti.aCO'P.yea—B—P(B—a).>: 
> -3: 
ψ τηϊη ρία --.).Ξ. ΡψΑ τ ΡΨ Δ β 

This proposition is useful in case P is well-ordered, since then α -- 8 must 
have a minimum if it exists (a and 8 being supposed sub-classes of C‘P). 


*17031. F:8CCP.B4O0°P.=.(CP) Pap 

This follows from *170°16, as does the following proposition: 
#17032. Fi:aCCP.qia.=.aPyA 
#17035. F.A,=A 
*170°38. F:q!P.>.B°Py=CP. BCnv'Pyg=A 
#1706. F:AP,8.=.8COCP.qI8 

Besides the above, the following propositions should be noted: 
*170°36. |. DSP, Ξ ΟἹ οσ "ΟΡ. ΠΡ = ΟΟἿΡ- ΟΡ 
#17037. Ετὴ 1,9. ΟΡ Ξ ΟΓΟἿΡ 
#17044. Ε: PsmorQ.>. Py Β100ῸΓ Qu 
#17064. bFraneCP.d.(e4¢ P)y=(@vyPy t Pa 


This proposition shows that every term added to P doubles the number 
of terms in Py; hence it is not surprising that P, (when P is well-ordered) 
has a power of 2, for its relation-number (cf. #177). 


#17067. Fig! P.g!Q.CPaCQ=A.9.(P 1 Q)y=9C(Pa x Qa) 
whence 


#17069. FiqiP.giQ.CoPanCQ=A.5.(P 4 Q)ysmor (Pa Χ Qa) 


#17001. P,=@@ fa, @eClOP.qla—B—P«(B—a)} Df 
«170-02. P,,=Cnv(P), De 
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#1701. braPy8.s.4,8eClKOP.qia-B-P(B—a) [(*170-01)] 
#170101. +. P,, =Cnv(P), [(#170-02)] 
#170102. b:aP,,8.=.4,BeClKOP. gq! 8—a—P(a—f) [#1701101] 


Thus aP,,8 means, roughly speaking, that β9ὶ --α goes on longer than 
a—, just as aPy@ means that a—f begins sooner. Thus if P is the 
relation of earlier and later in time, and a and 8 are the times when A and 
B respectively are out of bed, “aP,8” will mean that A gets up earlier than 
B, and “aP,,8” will mean that B goes to bed later than A. 


ν > 
#170103. Fi: yre P*(B—a).=.PlynBCa 


Dem. 
F,*37°105. Εν γος P“(B—a).= :u(qe).aveB—a.xPy: 
[Κ10.61] =iweB.chy.J_.rea: 
[*32°18] =:P*yn8Ca:.DF. Prop 


—_> 
#17011. Fi.aPyB.=:a,8eClhCP:(qy).yea—-B.PynBCa 
[*170'1-103] 


417012. k:aPy8.s.0, Be ChCP. gla—(anB)— P18 —(an βὴ} 
[#170°1 . 22-93] 


#170121, F:.0P,8.=.4,8eOK OP. 7! (av β)--β-- P{(av 8) —a} 
[*170-1 . *22°9] 
#17013. F:.aPu8.=:(ap,¢,7).p,0,ye ChCP. ᾿ 
pay=A.ony=A.pno=A.a=yup.p=yva.Gip—P co 
Dem. 
Ε. κ24.24. κΚ2269, Db: pnoa=A.a=yup.B=yvua.r.anB=y () 
F244. Dhkia=yup,dIipny=A.=.a-y=p (2) 
Εν k244, Db:i.B=yua.Diony=A.=.8-y=o (3) 
Ε. (ΑἹ. (2). 8). Dkupnc=A.a=yvup.B=yva.o: 
.a—-(ANB)=p.B—(anB)=oc. 
[*22°93] .a—-B=p.8—-a=a (4) 
F.(1).(4). Db i (qp,o,y).p,o,yeCHOP. pay=A.cony=A.pna=A. 
a=yup.B=yvue.q!p—Pto.s. 
(qp;,o,7)-p,0,yeClhCP.pnc=A.a=yvp.B=yvue. 


pay=A.any=A. 


ΠΗ 


anB=y.a—-B=p.8-a=c.q!p—Pc. 


[¥13°22] =.a—6,B-—aanBeClCP.qia—-B—-P(B—-a). 
[*60°43.424-41]=.a,BeClCP.qia—B—P"(B—a). 
[*17071} =.aPy,8:D+. Prop 


R&Wii 26 
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417014. bina, BeOlKO'P.DiatPyB.s.a—-BCP“B—a) 

[#1 70°1 . #2455] 
#170141. Fs.a,BeClCSP.D:a+P,,8. 


-B-aC P(a—-8) 


[x170-14101] 

- 

#17015. F:aP β.9. βαρ Ῥ'(α-- β)ζ α 
Dem. 
-- ~ 
Εν. #4012. ΞΕ: yea—B.3.p'P“(a-—B)yC Py. 
- 

[κ29.48] >. βαρ Ἐ(α--βΒ᾽ β΄ Pty: 

- -- 
[*22'44] DF tyea—B.BaPyCa.d.8apPia—-B)Ca: 

-.-» 

[x10 11-23] > bi (qy).yea-B.BaPyCa.d.BapiP\(a—f)Ca (1) 


b.(1).#170-'11.34. Prop 
#17016. kraCO'P.8Ca.B+a.d.aPy8 


Dem. 
F.#246.5:Hp.d.qla—-B (1) 
+. #243.3b:Hp.d.@—-a=A. 
[437-29] >. P“(g-a)=A. 
[¥24'101-26] >.a—-B—P“(B—a)=a—B (2) 


Ε. (4). (9). «1701.54. Prop 
*170°161. ΕΑΓ ΟΡ. βςα.βΞῪα.3.β}, ἃ 


Dem. 
F.xl7016.>+:Hp.d.a(P)a8. 
[*170°101] >. BP,,a: DF. Prop 

#17017. +.P,CJ.P, Ed 

Dem. 
F.xl701. ΞΕ :aPy8.>d.qta—-B. 
[*24°55.4%22°42] D.a+6. 
[8011] 9. αὐβ:2Ὲ. Prop 


Tn order that P., should be serial, we need further that it should be transitive 
and connected. P, is transitive if P is transitive and connected. But P. may 
still not be connected: there may be many distinct families in its field, though 
all of them must begin with C’P and end with A. For example, if P is a 
regression, the class which takes every odd member does not have either of 


the relations P,, Py to the class which takes every even member. In order 
that P. should be serial, we require that P should be not only serial, but 
well-ordered, i.e. that every existent sub-class of ΟἽ should have a first term. 
When FP is serial but not well-ordered, Py will, however, generate various 
series contained in it by imposing suitable limitations on the field. 
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— > 
#1702. F:.a,BeClCSP:(qy).yea—B.Pyna=PynB:d.aPi8 
[#170711 . #22°43] 


ΙΗ 


-} 
#17021. Ετὰ ΓΤ ΟΡ. Diy minp(a—f).=-yea—B.PynaCB 


Dem. 
Εν. 9811 . 95 τ Ηρ. Dd: yminp(a—8).=.yea—B—P “(a 
—> 
[#170103] =.yea—B8.PynaCB8s:.3+. Prop 


#170°22. bs.aC OP. yminp (a— β).3: P'yn BCacs. Pyna=Pyn β 
Dem. 

b.4170-21 44°73. Db: Hp.d:PynBCa.s.P Prynacé. Py a pCa. 

[*22°74] Py na=P'yn Bi 9 ΕΟ Prop 


ul 


#17023, Ε - ἀΠΟῚΡ.γεα--β-- P(g —a). >: 


-» - 
yminp(a— 8).=.P¥yna=PynB 
Dem. 
F.#170103'21.5F:.Hpd: 


yminp(a—8).=.yea—B8. Bryn BCa. Bey λας. 
[*22°74.%4°73] =.yea-B. Py n8Ca.Pyna=P =Pynp. 
[*170°103] =.yea—B—P“(B—a). Py na=PynB (1) 
F.(1).*5°32. 955. Prop 
*1703. F:aeClKhCP.8Ca.qia—-B.2.aP 8 [#17016] 


#17031. -:8COCP.B4CP.=.(CP)PaB (*170'16] 
#17032. F:aCC'P.qta.s.aPyga [*170°3] 
*17033. F:q!P.=.(CSP)PyA 
Dem. 
b.*33'24.417032. Db: ΤΡ. 5. (ΟἹΡὺὲ Pad (1) 
F.xl701. DE:(CfP)PgA.D.Gl(COP)—-A. 
[*33°24] >.qiP (2) 
F.(1).(2). 5. Prop 
#17034. F:iqiP.=.q!Pa 
Dem. 
Εν. 7059. Db: qi P.>.qiPy (1) 
F.#1l701. DEsqtPy.d. (qa, B).a,BeClOP.qla-B. 
[*24°561] 2. (qe). aeClOP.qta. 
{*60°361] 9. CP. 
{433-24} 9.1 (2) 


Ε. (1). (2). D+. Prop 
26—2 
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#17035. F.Ay=A_ [#170°34. Transp] 
*170°36. +. DSP, Ξ ΟἹ ἀχ ΟἿ Ρ.. UP, = ΟἸΟἿΡ.- CrP 


Dem. 

Εν. ΚΙ Τ0 82. 9 Ε. ΟἹ ΧΟΡ CD‘Py (1) 
F.#*170°31.3+. CHOP -- CCPC OP, (2) 
ΕΥΚΙΤΟῚ, DkiaeD*Py.3.(q8).a,BeClhOP.qta—-f. 
[*24'561] D.aeClOP τα (3) 
F.xl701. DkiaeC*Py.D.(qR).a,BeClCP.q!B-a. 
[*60°2] 9. ae ChCP 7 160Ρ--α. 
[5246] 9. ae COP — ΟΡ (4) 
b.(1).(2).(3).(4). DE. Prop 

#17037. FeqtP.3.C*P,=ClOP {*170°36] 

#170371. Ε. ΟΡ C CIC*P [¥170°37°35 . *33'241] 


*170°38. Fig! P.3.BSPg=CP.BCnv'P =A [#17036] 
The following propositions lead up to *170°44., 


41704,  f:Sel—+1.0°Q='8.D.(S3Q)a = θα 
Dem. 
b 170-1. κιδθ 4. 48711. Fra (S85 Qy)h =. 
(4, 8) «9, δε ClOQ a= Sy. B= 8: δι ly—8—Q(S—y) (1) 
.(1). Dk: Hp.>: 
a(SiQ)B- =. (ay, ὃ). 7, de ClhAS .a=S"y.B=8S, 
a ty—8-Q“(3—9). 


[*37°43] =.(qy, δ) «γι de CVS. a=Sy. B= SS. 
GE Sy - ὃ -- Q(S—y)} - 
[*71:381] =.(qy, δ). γι be ClAS a= Sy. B= S'S. 


A! Sy — 8S — SQLS yy) « 
72:51 LT L-B8]= « (py, 8) «y, δε CMA. α = Sy. B= SS. 

LSM — BEB — SH QKSM(B— a). 
[413°193.437-33]= . (qr, 8). y, de CMOS. a= Sy. B=SS, 


q !a—8— (SiQ)"(B—a). 
[¥71-48.437'23] =. a, β ε ΟἹ 0.8. 4 !a—B—(93Q)"(B—a). 
[4150-23] =. a, β CKC(S5Q). 8 α--  -- (85 0γι(8 — 4). 
[*150°12.4170-1]= .a(S9Q),8:. +. Prop 
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#17041. F.(SP COQ, τ θα [*150'95 . *170°371] 


«17042, F:ShCQelw1. CQCAS.3.(8Q)4 = Sei Qa 
Dem. 


Ε. #15032, DE. (S3Q)y = [SP CO Qla (1) 
Ε.(1). #1704. 3b: Hp. d.(SiQ)y=(SP CQ)IQa 
[*170°41] =S82Q.: 3+. Prop 


*170°43. ΕἸ SP O'Qe PamorQ.2. Sef OC Que Pasmor Θὰ 
Dem. 


.*151'22.417042. DE: Hp.d. Py=SIQy (1) 
+. #74131 .*170°371.3b:Hp.>.SePCQuel—1 (2) 
+. 487-231. DE. ΘΟ CTS (3) 
F. (1). (2). (8). #15122. DF. Prop 


*170°44, +: PsmorQ.>.PysmorQ, [#17043 . #1512312] 


*1705.  F.(e@lay=(t'x) LA 


Dem. 
Εν #17036 .*55'15. 9. D(a) 2) =Clext "x 
[*60°37 ] =a (1) 
+, *170°36.*55°15 9 Ε, O(a] 2g ΟἹ μα —1't'x 
[*60°362] =i'A (2) 


f.(1).(2).#55°16. DF. Prop 


#17061. biaty.d.(elLyg=a(iacury) Δα σαν ἐφ) iy (αν ἐψ)} Δ 
wialeyutalAuiyla 
Dem. 
— - - 
b.x5513. 3b: Hp.d.a]lys=A.clyy=ux (1) 
Εν. ΚΙΤΟῚ]. κ551δ. 95 τ: Hp. dDia(alyaB-= 
----- 
a, Be Ol(tteutty):(qz).zea-B.alyenBCa 
ca=leury.via=ie.via=ly: BCrvuiy: 
—~ 
(qz).zea—B. pbyenBCa (2) 
---.ἡ} 
Ε,. 1 285. 5.ῈΕἘ ͵:τα as UU εν. 3. .(qz)-zea—B. wlyenBCa.= 
vea—B, zl yanBCa. v.yea-f. aleyagta: 
[(Ἱ] =inea—B.v.yea—B.t'anBCa: 
[Hp.*22'43°58] =:rea—-B.v.yea—B: 
[*#51:232.84°73] =r a~eB.viyres (3) 
Ε.κῦ4 4. ΞΕ Hp.d: BCiwvi'y.areB.=:B=ty.v.B=A (4) 
Ε.κῦ4.4, ΞΕ Hp. or BCiaviy.yreB.=:B=Ua.v. Baan (5) 


[*60°39] 


Π]- 
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F. (2). (3). (4) .(5).D 

bra=eveiy.dna(e Ly G8 =:B=tue.v.B=vy.v.B=A (6) 
Ε.(1).(2).9Ὲ τ. Hp. drat. drna(elyy B=: B8Cuavity.ares. 
[(4)] =:B=t'y.v.8=A (7) 


Ε.(1). (2). ΕΠ: Hp.dnast'y. dia] yyh.s. 
BCiaeuly.yreB.vanBCa, 
BCiwuly.yreR.areBp. 

Bah (8) 


[61.211] 
[κ54.4]} 
Ε. (2). (6). (7). (8). DF. Prop 


#17052. ΕτῶἘν..2.(Φῳ γα Ξίιαν μὰ) ων ΚΔ 
Dem. 
F.x5515. Db. O8[(ife very) | ka} Ὁ Ο μὰ | A= 
[νίκαν ety) u αὶ Ὁ (uty ν ΚΑ] 
[*55°52] =(t‘xury)Liyu(iicury) Auta liyortalA (1) 
F.(1).*170°51 .*1601.9+. Prop 


Wo 


*1706. F:AP,8.=.8CCP.g!8 [*170°32-101] 
*170°601. F:aP)\.(C6P).s.aCC@P.a¢C*P (17031101) 
#17061. Fianre OP. gi P.czeanB.d: 
a(ce P)y β..Ξ. αἰ(ἐα ναὶ B=. (a—l'x) Py (B—- τ) 
This and the following propositions are lemmas for 


eve OP .D. (et Pia = (te vPy t Py (#170°64). 
Dem. 


F.xl6l 111.9 F::Hp.diyeR.y@eP)z.3,-years: 
yeB.yPz.d,.yearyeR. yeu. czeCP.d,.yea: 
[¥13°191.*"383-17]=: ye B—t'e.yPz.d,.yea—taerreB.zeOP.d.2ea: 


[Hp] =r:yeB—t'a.yPz.d,.yea—Ue (1) 
F.*51°34.DF:Hp.3.-—B=-tan—BP. 

[*22°481 ] 2.a-B=a-ta2—B 

[¥24°21] =a—t'en (t'su— B) 

[*22°86] =a—i'e—(8 — ln) (2) 


F.€L7O11 x1 6110114. >b:: ΗΡ.9:- α( τ ΔΒ .Ξ : 
α,β εΟἸ (ΟἿΡ v tia): (qzjizea-—BiyeB.y(ed¢ P)z.d,.yea: 
sa, Be C1(C8P υ tx): (qz):zea—ta—(B—-U'a): ye B—Uae.yPz.2,y. 
yea—Ua: 
[κ24.48] = τὰ -- ἴα, αὶ -- μὰ ε ΟἸΟἿΡ :(qz).zea—l'a—(B—U@). 


-} 
Ριχιν (β--ιτ“ζ α--ἰα: 


ΠῚ 


[(1).(2}} 


[Κ170.117 =: (α -- (ὦ) (β -- tx): 
[51-221] Ξ: αἰ vp Py} Br Db. Prop 
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*17062. bi.anreCP.gtP.wea—B.2: 
a(ze+ Ply 8. =.aCieulP, BCOP 


Dem, 
b.¥l61138.5b:2 Hp. diane Axe P): 
[*10°53] DiyeB-y(t@H P)e.d,-yea: 
[Hp] Divea—BiyeB.y(e@HP)x.d,.yea: 
[*170-11] D:a, Be CKhC(eed P).D.a(@e Pia: 
[161-14 p.x2449] DiaCueuC(P.BCOP.2.a(@d Pak (1) 
Εν #17011. *16114.5 
Fi. Ηρ. dia(e4 P)yB.Dd.aBeCl(ecu OCP). 
[*24°49, Hp] D.aCicvu OP. ΒΚ. ΟΡ (2) 
F.(1).(2). 95. Prop 


*170°63. Ε: Φωοείαν β). 9: αἰῶ ε PP) β.Ξ ἀρὰ 

Dem. 
Εν #2449. #16114. 3b: Hp. dia Be Cl O(a P).=.0a,8eClKOP (1) 
F.#1314. DF::Hp.dDiyeRB.diy+a: 
[*161-111] ϑιψί ει P)z.=.yPz (2) 
#17011. 9Ὲ :: ῆρ.9 : αἰεὶ Pi B.=: 

a, ΒεΟΙ (ὦ εἰ P)i(qz):zea—BiyeB.y(@dP)z.d,.yeat 

[(1ἡΛ.(2Δ}]} =ra,BeClhOPi(qz)i:zea—BiyeB.yPz.3,.yea: 
[*170-11J=:aPy Bit. Prop 


#17064. FianreOP.D. (te Ply =(UrvpPatPa 
Dem. 
+ . *170°61°62'63°37 . 9 
Fi:Hp.q!iP.dD:.a(@4 ΡΝ .Ξ: 
ceanB.a{(t'evyPy} βιν φεατ--β.ιαςεσία νὰ. βε ΟΡ .ν. 


φονείαν β). Ὁ β (1) 
Εν #1504. Dhral(ev)sP) B.d.veanB (2) 
| .*150°22.#17037 «Db: Hp.d:a€ (μα v)sP,.BeCPy.d-cea-—B (3) 
Εν 1701. Dh:.Hp.Dd:aPyB.D.x2~e(an PB) (4) 


Ε. (1). (8). (83). 4). DE: Hp. Gg! Ρ.9:. 


a(vet P)yB.zral(ieupPy} β.ν αεσ( ας νυ». β ἐ ΟἹ νἀ B: 
[Κ16011] Ξταί υ»Ρα ἜΣ Pal 8 (5) 
F.#161°201.D+:P=A.D.c2¢ PHA. 

[¥170°35] D.(c4 P)g=A (6) 
F. #150°42 .*160°22.#170°35.3b:P=A.D.(fev)iPygt Pa=A (7) 
F.(6).(7)- DF: P=H=A.3. (24 Pig=(UcvpPyat Pa (8) 


Ε, (δ). (8). ΕῸ Prop 
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The following propositions are lemmas for *170°67, 1.0. 
IP .G1Q. OP aCQ=h.>.(P£Qa= 30H Pa x Qa, 
which itself leads to *170°69, ze. 
mi P.q!Q.CPaCQ=A.).(P£O)qsmor(Pa Χ Qu). 


#17065. Fip(P£ROQyo.=:(q4, By, 5): 4, Be CCP. 7, 8e CC". 
--ς Ὁ 
p=aVvy.c=Bud:(qy).ye(auvy)—(Bvd).PROyn(Bvd)Cavuy 
Dem. 
+. #13193. Ds. (qa,B,y,5) 24, Be ClO? .y, δε Cl CO. p=auy.c=Bus: 
— 
(ay) ye(avy)—(B υ δ). PEOyn(Bvd)Cauy: 
=:(qa, B,y, 8):a,BeClhCP.y, Se ClO? .pHavy.c=Bvues: 
—~» 
(ay)-yep—o-PEQyncCp: 
(x60°45] =rp,ceCl(C*P υ ΟΦ): (qy)-yep—o7. PEOYnaCp: 
-- τῷ 
[Κ160147Ξ :ρ,΄σ eClOC(PLQ): (4 γὺὴ».ψγερ- σι. ΡΕΈΘ γασζρ: 
[Κ17011]Ξ p(PEQacgi. DF. Prop 
*170°651. Ε- ΟΡ CQ=A.a, Be CCP. y, de ClO. yea.D: 
——> - 
ye(avy)—(Bv8),.PROYyn (Rv d)Cavy.s.yea—-B.PynbCa 
Dem. 


F.*24402313.3F:Hp.d.(avy)—(Bv δ) (α -- βὺ)ν (y— δ) (1) 
beaxl6Oll. Ξ9Ἐ:Ηρ.9. Ράρῳ- (2) 
b. #24402. Dt Hp.diyney: 
[(1)] , Di ye(avy)—(Bvs).=.yea—B (3) 
b.a3315161. DE. Py COP. 
[*24-402] Db:Hp.d.Pyndeaa. 

—-» - 
[(2)] 2: PEQYo (Pv dj=PynB. (4) 
[*24°402] 9 -PEQyo (Bu é)ay=A (5) 


Ε. (4). (5). #2449. DF. Hp. dr PROYH (Bus) Cavy.=. 
_—> 
Pryn BCa (6) 
F.(3).(6). D1. Prop 
#*170°652. Ε- §$PanCQ=A.a,BeClCPiy, deCliOQ yey.r: 
——> 
ye(avy)—(B 46). PFOyn (Bu d)Cavy.=. 


BCa.yey—8.Q%ynbCy 
Dem. 


Εν κ24.402,318.9 : Ηρ.9.(α ν γ) -- ( υ 8) =(a—) ν (γ -- δ) (1) 
ΓΟ 4402, Dt: Hp.d.yrea (2) 
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F.(1).(2). DE Hp. Diye(auy)— (θυ 8).s-yey—8 (3) 
Εν. #16011. >: Hp.>. P$Qy= OP Qty. 
[¥22-621.%24-402] >. PROtyn(@v8)=Bv (Ory nd) (4) 


Ε. 2449. DEnHp.d:8@Cavy.=-BCa: 
--} 


-- 

ΟψαδοαυγιΞυῤψαδογ (5 

Ε.(45..(δ). ΞΕ. Hp.d: 7 ©) 
_> 


PROryn(Bvd/Cavy.=.BCa.QyndCy (ὃ 
Γ. (8). (6). DE. Prop Νὰ ; 
*170°653. Fis ΟΡ nC'Q=A.a, Be ΟΡ. γ, be CCQ. I: 


(av y)(PEDa(Bv δ). =:aPyB.v.a=B.qQyd 
Dem. 


Fe#l7011.>b:: Ηρ. 9 τ. (auy)(P*Q) (Buy δ).Ξ 
---τῷ 
(ay) -yeavy)—(Bv 8). Έ Ογ α(βν δδξαυγ: 
[*170°651°652]=:(qy).yea—B.P*ynBCa:v: 
-} 
βζα(ην).γεγ--δι ψαδςβ: 


[Κ17011] Ξ: αΡα β.ν. βζα. γα ὃ 
[*170°16] =:aP ,B8.v.aPy BuyQ16-Via=B~yQy8: 
[4°44] =1aP,8.v.a=B.yQ du IF. Prop 


*17066. Fig I P.g!Q.CPaCQ=A.): 
ρ(ῬΈφ)σ.Ξ.(πα,,γ, δ). (γ ὦ a) (Pax Qa) (SL 8). p=avy.c=Bud 
Dem. 
+. #1706511.) 
bro (PAQ).o.=. (qa, By, 8).a, Be CHOP wy, Fe CCQ. 
ρΞαυγισεβυδ.ίαν γ)( Ἐφ, α(βν δ) (1) 
F.(1). εἰ θὅ8.9 1: ΗΡ.9 :. 
e(P£EQac- =: (qa, By, 6):4,BeClCP.y, FeCl CQ. p=avy.c=Bvus: 
aPyB«v.a=B.7Qad: 


[417037] =:(qa,8,7,8)14,Be CO Py.7, deCQy.paavy.cg=Bhvd: 
aPyBeVea=Bo Qa ds 
[K166-112]  =:(qa,8,7,8)-(yba)(Pax Θο)(δι, 8) pHavy-c=Bud: 


>. Prop 


*17067. Fig tP.q!Q.CPanCQ=A.3.(PLQ)g=9C(Pa x Qe) 
Dem. 
ΕΟ #17066 .*13'22.>Dh::Hp.d:.p(PHQ)c.= 
(q4,8,7,5,8,S).Reyla.S=8) B.p=avy.c=Bvi. 
(Pax Qu) 8: 
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[#55°15.%53'11] =: (qa, 8,4,6,R,8).R=yla.S=8] β. 
p=SCR.c=s'CS. R(Pa X Qa) S: 

[166111]  =:(qR,S8).p=sO'R.c=8CS. R(PyX Qu) S! 

[*150-4] =: p {903(Py Χ Qy)} σ τ: DF. Prop 


417068. biG! P.q!Q.C'Pa0Qe=A.D. 
(s| ΟἿ C(Pa * Qa) e(PEQDa smor (Pa x a) 


Dem. 
F.*55'15 .*53'11.5 
bi. R=yla.S=8) 8. SOR=sCS.dD.auy=Bvud (1) 
b. (1). #2448. 
bi: Hp.3:.a,8eClhO'P. 7, deClO™E. Rey La. S=8 | 8.86 R=s'OS.9. 


a=B.y=S. 
[*55°202 ] 2.R=S8 (2) 
F. (2). #16612 .*170°37 .2 
bi. Hp.3: BR, SeC(Py x Qa). SCR=SOS.I.R=8 (3) 


b.(3).*151-24.%170°67 . +. Prop 


#17069. Fig! P.qiQ.CPaCQ=A.3.(PEQ)asmor (Py X Qa) 
[%*170°68] 


111. THE PRINCIPLE OF FIRST DIFFERENCES (continued) 


Summary of *171. 

In this number, we shall consider a more restricted form of the principle 
of first differences, which is applicable when there is a definite first member 
of one class not belonging to the other class. In this case, if z is the first 
differing member, the part of a which precedes z is to be the same as the 
part of 8 which precedes 2. If z belongs to a and not to β, we put ἃ before B; 
in the converse case, we put 8 before a. In case z2Pz, z itself is not to be 
counted among its own predecessors; thus the predecessors of z are to be 
Pre u’z, Hence the relation in question will hold between two sub-classes 
(a and #) of ΟΡ when there is a z such that 

> => 
zea—B.P’z—Uena= Pie—U2zn 9, 
or, what comes to the same thing (owing to z~e 8), 
zea—B.P*en a—iz= Peng. 
This relation between a and 8 we denote by “Pq,” where “df” stands for 
“difference.” 
Thus our definition is 
A -- -- 
Py =48 ία, Be COP: (2). εα--β. Ρίσια- τε ΡΖ αι BQ} Df. 
On the analogy of P),, we put also 
Pig=Cnv'(P)ag- 

When P is well-ordered, Pa, and P,a coincide respectively with Py, and 
P.. Their properties are closely analogous to those of Py and P,,. Thus 
e.g. the following propositions remain true when Py is substituted for Py: 

*170°17°35'36°37°38'44'5'51°52°64°67 6869. 

The only new propositions to be noted in this number are 

#1712. -:PGJ/.5. 
A — - 
Pa = GB {a, Be CCP : (gz). 2 εα--β. ΡΖ ατε Pen B} 
#17121. +.Ps€ Pa 
and the following formulae suggesting an inductive identification of P,, and 
P 4, in cases to which such induction is applicable: 
ἘΠῚ. 0 oF Pa = Pyare OP... (ae Pla =(24 Pig 
#17171. Fi ΟΡ ΘΟ λα. Qa τ 0.39. (PEQ)ar = (PE Dar 

These propositions are however superseded (at a later stage) by the proof 

that μι and P4, coincide if P is well-ordered (*251:37). 


The chief property of Pa is that its relation-number is 2, to the power 
Nr‘P. This will be proved in «177 and *186°4. 
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A - -} 

#17101. Py =a fa, Be ClC'P : (42). εα-- β. Ῥίδιν α-- τς -- Ῥέα β) Df 

4171-02. Pia=Cnv(P),, Df 


— 
41711. bie aPy B.xta,@e CCP :(qz).cea—B. Piena—ue= Pen 
[(*171°01)] 
4171101. Ε΄ Pyg=Cnv(P)aq  [(#171-02)] 
#1717102. F:.aPig8.=:a,8e ClhOP :(qz).zeB—- a. Plan B- ee Pen a 
[Κ171.1101] 
#17111. bs:.aPy8.=::a, βέε [ΟἽ Ρ :: 
(qz)nzea—-BryPz.y#z.d,:yea.=.ye8 [κ117111]} 
#17112. Fi.aPyB.=ia,8eClCP: 
-Ψ 
(42). Ζεα --Α. Ρίσιαιατιιῖς τ Pez a B—tfe [LTT . #51'222] 
#17113. +. ΟΡ CCCP § [x171:1] 
#17114. FiaCC’'P.zea.Dd.aPy(a—t*%z) 
Dem. 
F.*5121,.3+:Hp.d.zea—(a—1'2). 
- - 
[1816] ϑ.φζεα--(α-- 2). ΡίΖ να -- Ὁ τὸ ΡῈ κν (α -- ("). 
[*171-12] D.aPa(a—%): D+. Prop 
#17115. F:BCOP.zeOP—B.D.(Bvtz) Py B 
Dem. 
F. #5116. DF: Hp.d.ze(Gut%z)—B (1) 
F.#51°211-22. DF: Hp. d.(@vetz)—tz=8. 
> > 
[22-481] 9. Pean(Buiz)—ve=PenB (2) 
Ε,. (1). (2). Ε1711.9. Prop 
#17116. Ε΄ ΚΡ. Ξε ΟἹ ΧΟ Ρ΄ ΠΡ = 0610 --ἰὐ Ὃ 


Dem. 
Ε.Ἀ17114. > :aeClex'O'P.D.aeD'Py (1) 
F.*l711. Dki:aeD*P,.D.aeClex*O*P (2) 
b.(1).(2). DE. D*Py = ΟἹ Ἔχ ΟἿ (3) 
b.xlTL15. 3b: βε ΟΡ. giC@P-8.>.8eU' Px: 
[*24°6] Di: βέεΟ ΟΡ. ΟΡ. 5. Bed Pat (4) 
Ε.ἈΠῚῚ. DF: BeUI* Py. Dd. Be ClhOP.g!OP—B. 
[*24°6] 9.βέσ.Ο Ρ.- ΟΡ (δ) 
Ε. (4). (δ). DE. ΠΡ, = 61ΟΕΡ -- ΟΡ (6) 


Ε.(8).(6). DF. Prop 
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111 17. ΕἸ ΠΡ. 9. ΟΡ Ξ ΟΙΟῚΡ 


Dem. 
F.e17116. 3 biaeCl OP .atA.d.aceDi Py (1) 
Fe#17116. 3b raeClO'P.at OCP. Dae MPa (2) 
F.(1). (2). DRraeClhCP.n(a=A.a=OP).D.aeO'Pa: 
[Κ18171]  DhraeClKhCP.COP+A.D.acOPa (3) 


Ε. (3). 88:24. 9 Ε΄ Prop 

Κ11118. iq! P.>.BePy= COP. BCnv'Py=A 

Dem. 

b.€1T116. Db. B Py =Clex‘OP — (0100: -- CP) 
[e243] = ΟἹ ΧΡ a ΟΡ (1) 
b.(1).#6035.Db:q!P.d. BP y= OP (2) 
bexl7116. Db. BCnv'Py = CCP — O'R -- ΟἹ εχ ΟΡ 
[60°24] -- 'Λ -- (ΟΡ (3) 
b. (8). 483-24. Db: gt P.D. ΒΟ αν Ρ =A (4) 
F.(2).(4). DF. Prop 

#17119. £:P=A.3.P,=A 


Dem. 
+. #6033. #17116.3h:Hp.>.D‘Py=A. 


[*33°241] > . Pu = A - > Ε . Prop 
A - > 
#1712, -:PGJ.9. Pay =Ge fa, BeClC'P:(qz).zea—B. Pena=P'zn Bh 
Dem. 
-Ξ} 
Ε. 5011. Κ9219. Ε:ΗΡ.9.έςς --ἰς. 
- -- 
[22.621] D.Paana—iz= Plena (1) 
Ε.(1}). 1711.55, Prop 
#17121. +. PyEPy 


Dem. 
Fy «x171‘l . 99.48.9 


-- 
biaPaB.D:a,8eClCP:(qz).zea—-B.PznBCa: 
[*17011}] DsaP,B:.d+. Prop 


#17122, +. Pap GJ [#17017 . #17121] 
Κ1114, b:Se1—91. Ὁ -- (5. 2. (570)μ- Se3Qae [Proof as in ¥170°4] 
#17141, bi (SP CQ) Qa = Sei Qa [Proof as in *170°41] 
#17142. br SP O@el1I1.0°Q CUS. >. (S3Q)ar=Se3Qae [5171.4.41] 


#17143. bf: SP CQe PsmorQ.>. Sef CQaee Pap smor Quy 
[Proof as in *170°43] 
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#17144. +: PsmorQ.D. Pa¢smor Qa, [*171°43] 
#1715. F(a] waa (Ue) LA=@12)a 


« Dem. 
b. #1711. 55°15. 2 

——> —— 
tra(e lay B.=10,BeClte:(qz).zea-B.alaena—-tzaalaenps: 
[17116] =:aeClex't'x. Be Clif -- κι : 

---- ----» 
(qz).2zea-B.claoizena—tz=alazenB: 

---» ---» 
[κ60362.37]] πΞιαΞι. βελ:(η 2). Ζε.αὦ Δωαα--ι σε ααβι 
[*13°195] Sra=lae.B=A.Uena-le=enP: 
[24.21.38] =ra=te.B=A.A=A: 
(413°15.455°:13] Ξ τα ἰ(() 4 ALB (1) 


Ε. (1). 1100. 9. Prop 


1161. Ε, (: J Yat = (: ψ Yer 
Dem. 


F.€1711. 3b τα (ὦ ὦ ya β .«Ξ τα, β εΟΙον υν}ὃ1 
---.-Ὁ 


---» 
(qz).zea—-B.alyfena—tz=alyenBp: 
[417116] =:a¢Clex‘(t%e vity). Be C(ufau uty) — (αν εν): 
--- Ὁ > 


(qz).zea—B.clyfzna—tz=aly'enB: 
[*60°39] Ss:asteuly.v.asle.Via=ly:B=la.v.B=ly.Vv.B=A! 
> --- 


ll 


(qz).zea—f. alyena—e=al yeas (1) 

Ε. κῦδ.18., 5b. 044.9 diel yy] zlye= A: (2) 
[κ51:222] Dia=levuiy.B=le.d. 

yea-P. ahytynavty=ve= zlyynB. 

[(}} D*aPaB (3) 


F.(2),Dbiaty.a=taeulyp=ty.d. 


Φεα-β. alyena—Ce= A= zhyeng. 
[(1)] >. aPar8 (4) 
F.(2),Db:ety.a=taviyy.B=A.)D. 


my —-— 
szea—B.alyena-taazAa=alyans. 
{(1)] 2 -aParB (5) 
Ε.(2).9 τι ty.a=le:B=A.v.B=tyrd. 
--- τον 
wea-B.xlyfena—-tew=A=alyane. 
2.aPaB (6) 
Ε.(2). #2423 .Dbiaty.astty. B= A. >. 


ψεα--β. a lyena-ty= ΠΡΟ. (7) 
F (3). (4). (5). (6). (7). #17051 ΞΕ τ cty.d.(@l yaw yar. 
[¥171-21] D-(e@Lya=(%@Lya (8) 
Ε. (8). ΚΑ1]71.5. 3+. Prop 
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#17152. Ετατε γ. 9. (ὦ ἡ yaaa tty) | (rt (y) 1 Δ 
[Ε1Τ1 61. #17052] 

#17164, ΕἸ ΣΕ ΟΡ... (wd Pig = ὦ vy Pat Par 

The proof proceeds by the same stages as the proof of *#170°64, 

#17167. bgt P.qiQ@.C’PaCQ=A.9.(PEQ)a=90(Pa x Qi) 
[Proof as in *170°67] 

#17168. Fig tit P.qiQ.0°PaCQ=A.)D. 

816" (Par χ Qar)e (PF Q)ar smor (Par x Ομ) 

[Proof as in #170°68] 

*17169. Fig t P.g fQ.CPanCQ=A.9.(PEQ) a smor (Pa x Qar) 
[*171-638] 

*171°7. PF: Pee Py.trveOP.d.26¢ Py = (a4 Pig 
[#17164 . #17064] 

MITLTL 12 06a O°Q= A. Pye = Py Qar=Qa- 2+ (PRQar=(P£Qa 
[%170°67 .#171-67 .*160-21-22] 


1712. THE PRODUCT OF THE RELATIONS OF A FIELD 


Summary of *172. 

In this number we have to consider the form of product which is applicable 
to any relation of relations, whether mutually exclusive or not. If our relation 
were a Rel? excl, we could take C“*C*P, and order selected classes from CCP 
by first differences. This would give us a relation whose field would be 
Prod‘C‘C*P. But if any two fields overlap, this method fails. We might 
substitute es‘C*C*P for Prod‘C“C*P, and order the members of e,‘C**C*P 
by first differences; but this method will not give what we want if two or 
more members of C*P have the same field. In order to avoid any confusion 
due to repetition, we must, if Qe C*P and «xe CQ, consider x in connection 
with Ὁ, not merely with τῳ. That is, the relations in the field of the 
product of P must be such as concery themselves with the ordered couple 
a | Q, not merely with « The simplest way of effecting this is to consider 
ΟΡ, A member of FafC'P, say M, is a relation which picks out a 
representative of Q from the field of every Q which is a member of (*P; 
that is, whenever QeC’P, M*QeC*Q. Since we have M‘Q, not M‘C*Q, two 
relations may have the same field and yet we can distinguish the occurrence 
of a given term as the representative of the one from its occurrence as the 
representative of the other. Thus no degree of overlapping will cause 
confusion. 

The relations which compose F'4‘C*P are to be ordered by first differences, 
but in order to distinguish different occurrences of a given term, we must 
give a slightly different form to the principle of first differences from that 
employed in *170 or #171. The new form of the principle is as follows: 
Consider two relations M and N which are members of Fa‘C*P. Let Q be 
a member of CéP in which M chooses a representative which precedes that 
of N, i.e. in which (0) Q(N*Q); and let all earlier relations than Q, 1.6. all 
relations R such that RPQ and R+Q, have M‘R=N‘R. Then we say that 
M precedes N. This principle may also be stated as follows: We may 
divide the members of C‘P into four classes, not in general mutually exclusive, 
namely : 

(1) those in which (M‘Q) Q(N‘Q), te. in which the M-representative 
precedes the N-representative; 

(2) those in which (V*Q) Ο 740), 

(8) those in which M‘Q = ΝΟ, 

(4) those in which no one of the above three relations of M‘Q and N*Q 
occurs. 

Then we shall say that M precedes WV if there is a member of class (1) whose 
predecessors all belong to class (8). 
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In case all the members of C*P are serial, the fourth of the above clagses 
is null, and the other three are mutually exclusive. If, further, P is well- 
ordered, any two different members of F's‘C‘P must be such that one precedes 
the other in the above-defined order. Thus in this case the product of a series 
of yeries is a series (cf. #251), 

The definition of the product ΠΕΡ is 

πΡ- MN (M,N e FOP :. 
(πο) : (MQ) Q(N*Q): RPQ.R+Q-.32-MR=NR\ De. 
Owing to the complication of this definition, the proofs of propositions of the 
present number are apt to be long. 

Various other definitions might be adopted for II‘P, but we have found 
the above definition on the whole the best. 

We might, for example, drop the condition R+Q in the definition; we 
could then write our definition in the simpler form: 

AA —_ “Ἄ 

‘P= MN ([M, Ne ΟΡ : (qQ) - (MQ) Q(N*Q). ΜΈΡΟ : VE PO, 
which, with our definition, is only available when PG J. But if we adopt 
this simplification, we no longer have 

ΠᾺΡ. P)y=P)P (#1722), 
"3 
which is a very useful proposition, required in the proofs of *183°13, *#185°21 
and other important propositions. 

On the other hand, we might frame our definition on the analogy of Py 

rather than, as above, on the analogy of Py. The definition would then be: 
P= MN (M,N e FOP 3. 
(4) τ (M*Q) Q(N"Q): RPQ. Dg (M*R) (Rw 1) (NR). 

This definition does not assume that there is a first relation Q for which 
the M-representative precedes the N-representative. Thus it might be 
thought that it would give better results in cases where P is not well-ordered. 
But in fact this is not the case. If P is not well-ordered, it may happen that 
every Q for which (20) Q (NVQ) is preceded by one for which (N*Q) Q (*Q), 
and vice versa; in this case, we shall have neither M(II‘P) N nor N (II‘P) M. 
Thus our suggested new definition does not secure that II‘P shall be a series 
whenever P and all the members of C‘P are series, and therefore has no 
substantial advantage over the simpler definition which we have adopted, and 
has the disadvantage of greater complication. 

In the present number, we first prove that ΠΛ = A («172718) and that 
AcC‘P.3. IP =A (*172-14), so that a product is null if any one of its 


—)> 
factors is null. We then proceed to propositions about C*TI‘P, B‘II‘P, ete. 
We have 


- 
4172162, ΕΠ ΤΡ... ΒΡ = Bs OP. βέσαν ΠΡ = Ban ΟΡ 
R&W II 27 
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#17217. Εἰ 1}... ΡΞ ΟΡ 

Hence we derive propositions as to the existence of ΠᾺΡ, We have 
#172181. F:.Multax. D:ArveOP. ΡΞ ἢ ΓΠῚΡ 


Thus assuming the multiplicative axiom, a product which has factors none 
of which are null is not null. 


We then consider ΠΡ. P), and ΠΡ | Q) where P+Q. We have 
#1722. Ε.ΠΡ.: P)=P 4 P 
which is a useful proposition, and 


#17223. ':P4Q.3.0(P | Q)smorP x Q 


which connects the two definitions of multiplication, showing that they lead 
to equivalent results for any finite number of factors, 1.6. whenever the 


definition of *166 is applicable. 
We next consider II‘(P + 2) and Π(Ρ Ξ 0), proving 
*172°32. Ε: i~ e CP... ΠΡ.» Z)smor ΠΡ x Z 
with a similar proposition for Z «Ὁ P (*172°321), and 
#17235. FeqiP.qiQ.CPatCQ=A.59.T¢(P£Q)smor ΠΡ x IQ 


which is a form of the associative law using both kinds of multiplication. 
The kind which uses only IT will be proved in *174. 


We have next the proof (with its immediate consequences) that if 
P and Q have double likeness, [I‘Psmor II‘Q. We prove 
#17243. +: 7} C'S'Qe PsmorsmorQ.D. 

(Τ || Cuv‘ T+) f ΟἼΠ ᾧ ¢ (IEP) smor (T1‘Q) 

This proposition should be compared with *114°51, which is its cardinal 
analogue. It will be seen that the correlator only differs by the substitution 
of T+ for Te. From *172°43 we obtain 
#17244. +: PsmorsmorQ.). ΠΡ smor ΠΟ 
whence 
#17245. -:.Multax.3:P,QeRel*excl.q! Psmor Qn Ri‘smor.). 

Il‘P smor ΠῸ 


Other propositions about ΠᾺΡ will be given in *174. 


#17201. ‘P= MN(M,Ne FCP :. 
(το) Ὁ) Q(N*Q): RPQ.R+Q.22,-MR=N‘R} DE 
#1721. ΕἸ M(IMP)N.=:.U,Ne FsCP:. 
(0) : (MQ) ΘΟ Ὁ): RPQ. R4+Q.D_-MR=NR 
[(#172°01)] 
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#17211. b:: M(IIP)N.=:.M,NeFs'CP:. 
(10): Qe OP .(M°Q)Q(N*Q): RPQ.R+Q.3n-MR=N'R 


Dem 
Ε. #1421. DF: (MQ) Q(N*Q).D. EI MQ. 
[*33°43 ] 5. ΟΠ (1) 
Ε.(1). #8014. ΞΕ: Me FatO'P. 3: (MQ) Q(N'Q).3. Qe CP: 
[κ4 18] 3: (MQ) Q(N'Q).=-VeCP . ΝΟ) (2) 


F .(2).#1721.55. Prop 
#17212. Εν ΡΟ, ΟΡ 
Dem. 
Ε. 1721. Ε :Η(ΠΙΡῚΝ.3. M,N ΟΡ (1) 
F .(1). #33352. 5+. Prop 
#172138. -.T‘A=A 


Dem. 
Ε..172.11. ΕΣ ΜΠ ΡΝ. . 16 Ρ. 
[*33°24] 5.1} (4) 


Εν. (1). Τταπβρ. 9 Ε :Ρ- λ.5. (ΑἹ, Νὴ). ὦ {{Π2}Ρ).}}:3} . Prop 
#17214. b:AcO*P.D.1SP=A 
Dem. 
--, 
b.nd3'245.Db.FFA=A., 
(433°41] Dk Ane IF. 
[x8021] Dhk:AcCP.D.FsCP=A. 
[1 72°12.%33-24] >.1*P=A:D+. Prop 
#172141. bs. GQ LISP. QeC*P.Dg.q!Q = [¥*17214. Transp] 
- 
The following propositions are concerned with C‘II‘P, B‘II‘P, etc. 
*172'15-151-16°161 are lemmas for *172°162°17. 


#17215. ΕἸ Me Fs'O'P. Qe O'R. (MQ) Qy. >. M (ISP) (Mf -v'Quy)Q 


Dem. 
+.*8041. 3b: Hp.d.MP-1Quy] Qe FOP | (1) 
Εν #35101 . κῦ 518. 2 
ΕΗ -Θον 10. ΑΞ: ΒΈΘ.ΜΕ..ν. πεῷ. ἐπεὶ (2) 
Ε. (2). κ808.2 
Fk: Hp.d:R=Q.9.{Mf-iQuy] Qik=y: 


ReCOP.R+Q.3.{(MP-eQey] QR=UMR: 
[Hp]  32(MQ)QIMP-eQe yf QQ: 
ReOP.R+Q.9.{Mt—-1Qeyl ΟΞ ΜῈ: 
[κ38.11] 9: (MQ) Q {MP -τ- ὐρψ | Q}Q: 
RPQ.R+Q.32-MR={MP-1Qoy] QR: 
fal172:1.(1)} >: MMP) ΜῈ --ἰΟὧν 1 Qs. 5+. Prop 
27-—2 
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172151. b: Ne ΟΡ. Qe CP. yQ(N‘Q).9D. 

[Nh—eQuy] QP) N [Proof as in *172°15] 
417216. Ε: ΜΈ ΟΡ 1 Μ.-.-Β.3.. ΜΈ AIP 


Dem. 
Εν #7293. 48014. Db τι Hp. D1. ME B.2:QeOP. Do. (MQ) BQ: 
[Transp] DiI MB. =:(qQ).QeC'P.~ |(MQ) BQ: 
[*93°1.%80°3] D:(qQ)-QeCP.MQeAQ: 
[*33°131] 2: (aQ,y)-QeCP .yQ (MQ): 
[*172°151] 2: ΜΈ ΠΡ... Prop 
#172161. ΕἸ Me ΟΡ. qt M~B| Cov. 9. Me Ὁ ΠΡ 

Dem. 


Εν 47293 18014. 2 Ε 1 ΗΡ. 9 :. 
MCB|Cnv.2:QeC'P. 39. Ὁ) (B|Cnv) Q: 


[¥71°7] =:QeC'P.D9.(M‘Q) BQ:. 
[Transp] D:.q!M+B|Cnv.=:(qQ).-QeC'P.~ (MQ) BQ: 
[κ98:1.κ808] 3:(qQ).QeC'P.MQeDQ: 
[33°13] >: (99,9) Qe CP. (M*Q) Qy: 
[#172715] 2: MeD‘Il'P:: D+. Prop 


The following proposition is important. It shows that, if C‘P consists of 
series, if any member of C‘P has no first term, ΠᾺΡ has no first term, but if 
every member of O*P has a first term, the selection of all these first terms is 
the first term of ΠΡ. 


~ - 
#172162. ΕἸ1}.5. BUMP = BCP. ΒΟ ιν ΠΙΡ-ὟΒ,Ομν ΟἿ 
Dem. 


Εν x99-108. #1721216. Transp. Db. BUMP C FCP a RIB (1) 
Ε.κ7298.9 

bri ΟΡ MOB. ΘΟ ΟΡ. 5:  Ο  Β0: 

[κ98.}1] 5: ΓΟ) ε) 0: 

[83:18] >: (ay) « (MEQ) Qy: 

[17215] >: ΜΕΘ ΠΕΡ (2) 
b.(2).#1011-9835. Db: ΠΡΟ 3: Me PCP a RVB.D.MeDIP (3) 
be el7211. Db: VeCIlP.>.(qQ, M).Qe OP. (MQ) Q(NQ). 
[493-1] > (7). Qe OP.» (.N'Q) BQ). 
[472-93] 5. ΕΚ ς Β): 

[Transp -5 Dh: MGB.D.MveQ'P (4) 
b.(1).(8).(4). DE: Hp.d. BAP = ΚΡ RUB 

[480-17] = By CP (5) 
Similarly ΕἸ Hp. 2. βέσην ΠΕΡ = BatCav0*P (6) 


F.(5).(6). 34. Prop 
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The following proposition is much used. 


172 11. big P.d.CU'P=FOP 


Dem. 
Εν. #172-16162. > 
bi Hp. Me FOP. D:qiM+B.>.MeQIP:MGB.D.MeBUP: 
[193:11.κ95. 5] Ds Me CIP (1) 
Εν). #17212. DF. Prop 


#172171. bgt P.D. DTP = ΕΜΟῈΡ — BaCav'CP, 
CI‘ P = FyC'P — BsCP [#1 72°162-17] 


#17218, Fig tP.O:g! MP. =. τ ΟῊΡ [*172-17] 
*172181. F:.Multax.D:AneCP. gi ΡῸΞ  ἀ ΠΡ 


Dem. 
. #88361. 417218. 5 Ε τ: Hp. dn q!P.d:qtP.s. OP CaF. 
[x33-41°3] ΞΟ ρα δία τοί). 
[κ838:241] Ξξιλώεορ (1) 
b. #17213. Dh: qGtIP.>d.q1P (2) 
F.(1).(2). 91. Prop 


#172182. Ε:: Multax.D:AceO'P.v.P=A:2.0°PsA 
f*172°181 . Transp] 


#17219, big ΠΡ. D.C P=FP CP [el 7217 . #8042) 


Note that we cannot proceed to Σ" ΠΕΡ, because F3II‘P is méaningless, 
owing to the fact that the field of ΠΩΡ consists of non-homogeneous relations. 


#172191. +. sCTIP GFP OP 


Dem. 
Εν #17219. x23'42. Db rg ΓΠῚΡ. Ὁ. CIP CFP OP (1) 
bi «4121. DE: TP=A.D.s#CTUP=HA. 
[*25°12] >. sOTNPCFECP (2) 


b.(1).(2). DF. Prop 
#172192. Ε. (Fhe) =B8-uA 


Dem. 
mu b.*35°101.D5:QeQ(Fh8).=.(qz)-aFQ. Qf. 
[*33°5] =.qiC'Q.Qes. 
[*33°24] =.q!Q.Q¢e8: D+. Prop 


The following propositicn is sometimes useful. (It is used in *173°22. 
#182:2 .*#185°21.) 
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"1722, +F.TICP)P)=P ὲ Ρ 
Dem. 
bse T7211 .*55°15.D 
Pe ΜΠ ΠΡ PN.=: MNe PsP: 
(HQ): QelP. (MQ) ΟΝ 9) : R=P.R+Q.3,.MR= MR: 
[%13°195°191] =:.M, Ne Fa't'P :. (MP) P(N*P):. 


f*85°51.433'5]=:.M,Ne] PCR. (MP) P(N'P):. 

[*38°131] =1(qa,y) ayeOP. Marl P.N=y|P.(MP)P(NP):. 
[*55°13] =n (qay).ayeOP.M=xr)P.N=y|)P.xPy:. 

[*150°11} =: ΜᾺ PP)N:. 

[*150°6} =: M(P 4 P)N:: D+ «Prop 


The following propositions are concerned with the nature of the connection 
between ΠΡ | Q) and Px Q. The connection is such as might be desired, 
except when P=Q, in which case, as shown above, Π(Ρ | P) is like P, and 
is therefore not like P x P. 

#17221, b:P+Q.3.PxQ=tQ) PP U(P) ῷ) 
Dem. 
t. #17211 #5515. 2 
be. MIP LQ Neu MUM Ne F(R vv 'Q):. 
(11): Ret PvrQ. (MR) RNR: SPL QR. StR.D,.UMS=NS:: 
(*51:235J=2: M, Ne ῬΑ Ρ viQ)i: 
(MP) P(NP):S(PLQ)P.StP.35,.MS=NSiv:. 
(MQ) Q(N'Q) :8(P]Q)Q-S+Q.25- MS = NS (1) 
F.(1).*55°13.5b:: Hp.o:. 
MTNI(P)L Q)N.e:M Ne Fa(eeP ve'Q): 
(MP) P (NSP). v (MQ) Q(NQ). MP=NP: 
[¥80°9'91]=:(qa,a,y,y):a,0 «OP .y,y «CQ. 
M=r|)PuylQ.N=a | Puy lQ: 


oPa’ νἀ τα νον (2) 
b.#150°72.9+:M=a2] Puy] Q.9.M (QL Ρὴτε νυν), α. 
[Κι 801] HQ) PYM ἰν γα (3) 


F.#1504. DE: RHQ) Py M(Pl Qys.s. 

(GM, Δ}. M{D4P LQ) N-R=HQLPYM.S=HQLPYN (ὦ 

F.(2).(3).(4). Db:: Hp.o:. 

RHQ | PHMAP | Q)S.52(GM,N,a,2',y,y’): 
aweCP.yyeCQ.M=aaelPuylQ.N=a | Puy 1Q: 
R=yla.S=y 1, στρα .v.a=a' .yQy': 

[¥13°19] =:(qa,a',y,y):¢,07 ¢OPiyy eCQ. πν δεν fa’: 

“Pal vice’. yQy’: 

[Κ1661117]Ξ : Ε( x Q)S:: 31. Prop 
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#17222, Ε:ΡΈΘ.9. (0 4. Pf Fa v eQye(P x Q)smor ΠΡ | Q) 
Dem. 

F.*80°9.*15071.5+:.Hp.d: 

Με Ρυ 'Q). 3. WQ) P)=(MQ) LMP) (2) 
b.(1).*#1501.Db: Hp.D: 

M,Ne F(ueP v (Ὁ). τῷ Py Mat(Q) PYN.D. 
(M‘Q) | (MEP) =(N*Q) | (WP). 

[*55°202] >. MP=N'P.MQ=NQ. 
[¥80-91] >.M=N (2) 
b. (2). #151241. *172-21-17. D+. Prop 


#172°23. ΕἸ ΡΈΘ.9. ΠῸΡ | Q)smor Px Q [#17222] 


The following propositions are lemmas for *172'32. 


41723. Fig! P.ZreCP.a:MiUI(PpZ)}N.s. 
(WS, T,u,v). (ul ΘΒ. ΠΡ x Ζγ)ὼ Τὴ M=SueulZ.N=TorvlZ 
Dem. 
b . *80°66°44.#16114.9b:.Hp.3:Me FifC(P pZ).=. 
(qS,u).SeFs'OP .uceO'Z.M=SuulZ (1) 
Εν κ565618. #3314 44738. Db M=SuulZ.o:. 
GMQ.=:28Q.Q0c¢UAS.v-2=u.Q=Z (2) 
Ε.(2). 8614. 1: Hp. Ηρ (3). δέ ΟΡ. we. 05. 
eMQ.=:08Q.QeC’P.v.z=u.Q=Zi. 
[424-37] D:.QeC°P.D:0MQ.=.0e8Q:.Q0=Z.3:2MQ.=.a=ut 
[*30°341.480°3.430°3]9:.Q¢C°P.3.MQ=SQ:Q=7.9.MQ=u (8) 
Εν (1). #17211 #16114. #17217 .D 
F:.Hp.ouM{I(PpZ)n.=:. 
(qS, T,u, 228, 7 FatCP.uveCZ.M=SuulZ.N=Turvl Zs. 
(qQ): Qe OP v'Z (MQ) Q(NQ)  R(PHZ)Q.REQ.Dp.- MR=NR:- 
(5 1-239.(3)-*1 61-11] 
ΞΞ - (τ, 7 u,v):.8, Te PCP .uveCZ.M=Suul Z.N=Tov 2:. 
(qQ): Qe CP .(8°Q)Q(TQ): RPQ. R+Q.D2.-SR=TRiv: 


ufo: ReO'P.D2,.8R=TR:. 
[172°11°17.#71°35.%8014] 


=1(q8,7,u,v)25,TeCMP.uveOZ.M=SuulZ.N=Tvv|]Z: 
SCUIP)T.v.8S=T7.uZv:. 
[166-112] =:. (4S, 7,u,0): (ul Θ)(ΠῚΡ χ Ζ)(υ. 7). 
M=SuulZ.N=Touv) Zu, 3b. Prop 
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Α11231. biglP.ZreOP. 
W= MR ((qS,u).Se Fu CP uceOZ.R=ulS.M=Suul 2).2. 
We TIP 4 Z)smor (IP x Z) 


Dem. 
.x1723.3b:Hp.>. TP 4 Z)= W3 (IP x Z) (1) 
+. *2133.3h:.Hp.>:MWR.M’WR.=. 
(qS, 8’, u,w). 8, Se FOP ouweCFZ.R=ulS=u 1 Κ΄. 
M=SuulZ.M=S uu Z. 
[εὖ 202] 2.(qS,8’,u, w).S8, Se FOP .u,u eCZ.S=S' .u=w'. 
M=SvuulZ.MW=+S uw ΚΖ. 
[413-22-172] >. M = M’ (2) 
b .*21°33.5+:Hp.d3:MWR.MWR’'.=. 
(qS, Su, uw). 8, Se ΟΡ , eCZ πε 8. Εἰ τοί. δ΄. 
M=SuulZ.M=S uw 4.2. 
[#8045661] D. (4S, S',u,w). Raul S. Baws. 
S=Mi> CP .ul Z=MP UZ. S HUMP CP. LP Z=MP CP. 
[#138172] 3.(qS,S uw) Rauf S. Raw lS . ὅπ δ 4 Faw] Z. 
[455202] >.R=R’ (3) 
F.(2).(3). DF: Hp.d. Well (4) 
Εν. #16612 .4113:101 .417217.5+:Hp.d.d*°W=CUll'P x 2) (5) 
Ε. (1). (4). (δ). 4151-11. 2 Εν. Prop 


#17232. Ε:-Ζω 0 }.3. ΠΡ- Z)smor ΠΡ x 7 


Dem. 
+. #17231. Dt: Hp.qiP.d. UP 4 Z)smor ΠΡ x Z (1) 
F.172183.%1612. DkinqG!P.d.U(PpZA=A (2) 
F.*17213.#16613. ΞΕ: ΤΡ. 5. ΠΙΡχΖε-λ (8) 
Ε, (2). (8). Κ1685101.2 ΕἘ τ}. 2. ΠΡ +4) smor UP x Z (4) 
F.(1).(4). 34. Prop 


*172'321. Ε: Zee C{P. 9. Π(Ζ2 4 CSP) smor Z x TP 
[Proof by similar stages to those in proof of *#172°32] 


The following proposition is a lemma for *172°34, which is required in 
proving *172°35 (as well as *176°4). 


#17233. bi: q!iP.g!Q.CoPaCQ=A.)5:. 
MUN PFQ) N23 (GS, 7,8',7T):8, 8 FCP TT ΕΟ: 
SCUUP)S’ .v.S=S. TU Q)T’: f=Sul.M=S uf’ 
Dem. 
f.*80°66.35b:.Hp.d: Me Fa(COP uv O*). 5s. 
(GS, 7). Se FsCP.TeFsiCQ.M=SuT (Ὁ 


SECTION 0] THE PRODUCT OF THE RELATIONS OF A FIELD 498 


F. ΚΒΟΘΘῚ, Ἀ85δ 7.9 :. Hp. Se ΟΡ. ΤΕ. ΜΈ ΒΟ Τ.5: 
ReCP.I.MRaSR:RECQ.I.MR=TR (Ὁ) 
Ε. (1). Α172.1117. Κ16014.9 τι. Ηρ.9:.: {πΡ 2 0}} Δ΄ .-:. 
(ἀν 1, δ΄, 1}:. 5, Θ΄ ΟΡ, ΤΙ Te hsSCQ.M=SuT.N=S8'oT's, 
(ΗΕ): Re ΟΡ 00. (MR) R(NR): Εἰ (PAQ)R. RAR Dy. MR NR’ ss, 
[(2).*160°11]= :. (QS, 7, δ΄, 7"):.8, Se ΟΡ, ΤΟ ΤΊ FaCQ - 
M=SuT.N=SuT’:. 
(qh): ReCP .(SR) ΕΘ RPRLR +R. SR HS iv: 
(qk): ReCQ.(TR)R(TR): RQR.R+R.O7. TR =T'R': 
HReCP dp SR τ κι, 
[x10°35]=:.(qS,7,8',7):.8,9 ΟΡ. ΤΙ Ve Ps CQ. M=SuT.N=Sul:. 
(qh): ReCP. (SR) RSA): RPR. R+R.Dp SR =S' Riv: 
ReCP Dp. SR = SR’! 
((¥R): ReCQ.(TR) R(T CR): RQR.R+R.On ΤΕ ἘΞ ΤΊ :, 
[4172°11.#71°35.4%80°14] 
=4(98, 1, 5', 7}. 5. 8 e FaCP.T, Pe FSCQ.M=SuT, M'=S' uP? :. 
5 (1 Ρὴ δέν. 5. πδ΄. TQ) 7 i. D+. Prop 


#17234. biG! P.qiQ.CPnCQ=A.). 
| (310) «(TIP -4Q)} ϑῦπον {IP x ΠΟ] 
Dem. 
b.x172'33 .*#55°15 .*53°13. 5 
F::Hp.3:. M{M(PAQ) N=: (G8, 7.5, 7 BR, RB): 
δ, ΘΕΆ ΟΡ. ΤΙ ΠΕ ΕΑ Ὁ. τ ΤᾺ ι. ἔπ Τ LS. MasCR N=ECR: 
(1 Ρὺ) S8’.v.8=8'. Τ (Π.0) 7’: 
[Ἐ1061]1.172.117]Ξ (8, RB’). Ε [ΠῚ Ρ Χ FQ αὐ Με ΚΟ. Ν τ Ο.Ε’: 
[*150°4] =2:M (#Oo IP x ΠῚ Ν᾽ (1) 
. #113153 #17219. *16612.5+: Ηρ.9.( 0 (ΠΡ x MQyel—1 (2) 
.(1).(2).#151:231. Ε. Prop 


#17235. biG! P.q!Q.C’PnCQ=A.>.1(P4Q)smor II‘P x ΠΟ 
[*172'34] 


The above proposition is important, being a form of the associative law. 


The following propositions are extensions of *172°'23. It is obvious that 
they may be extended to any finite number of factors. 


*172°36. Ε:ΧΈΥ. ΕΖ. γε 2.9. π|(Δ 4 VY) pZismorX x V¥xZ 
Dem. 

F.*172:32.3+:Hp.>. 1X | Y) + Z}smorlIl(X | V)«Z (1) 

Εν #17223 .*16623.3+:Hp.>.1¢X | Y)xZsmor Xx ¥xZ (2) 

F.(1).(2). DF. Prop 
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#172361. b:X+Y.X4Z.V4Z.9.0%X + (7 |Z) smorX x VxZ 
[Proof as in *172°36] 


417237. b:X4V.¥4Z.X4W.V4Z.V4wW.Z4W.d. 


N(x) YR(ZL W)}smor Xx Vx 2x W 
Dem. 


*172°35 2D 
ΗρΡ.9 1 ((ἅ | YyA(Z] ΤΣ} smor IX | Y)x (ZW) (1) 
. *172°23 . #166°23 . 5 
:Hp.d.1TI(X | Y)x πα. W)smor( x x Y)x (4x W) (2) 
(1). (2). #16642. 34. Prop 

The following propositions are concerned with the construction of a corre- 
lator of ΠΡ with ΠΩ when we are given a double correlator of P with Ὁ. 
If the double correlator is T or ΤΡ ΟΣ ΚΟ, the correlator of ΠᾺΡ with ἸΤ is 

{ΠῚ Cnv‘ T+} Γ CIT. 
"1724, +:Te¢Psmorsmor Q.. {7'|| Cnv'TF} PC Qel sal 
Dem. 

Εν #16415 .> 
F:Hp.d.7POS@, TH CQela1. ΟΣ =A7.0Q CATH (1) 
Fi #4143. Db. sDMOTUQ = DISOCTIQ. 
[Κ112.191] 5.4 010 CD (ETC) 
[*37°401.4162-23] COQ (2) 
Εν κ41.44. 5.940 Π|ρ0ρ- αι 10. 
[Ἐ172191] Dr. sACeIr'g Cc a(FT CQ) 
[*35°64] cog (3) 
be (1) (2). (3) #74778 ae LD. Prop 
*172'401. Ε: Te Psmor smor Q. Ne FasO*Q.SeCQ.D. 
{((P || Cnv' T+)‘ N}T38 = TONS 


rT τ Τ στ 


Dem. 
Ε. #43112 .41501.56. (2 | Covi 7+) NTS =(T|N|Cnv' T+) THS 6) 
b.(1). #85°7-48 . #8014. 9 
ΕἸΗΡ.9. ΚΤ] Cav Pp) W]e 75S = 1] N | Cav(Tt Ὁ) (TH CONS 
[844] 7 2°601.«16413] =(T|N)S 
[*34°41] = ΤΊ Ν 8:32. Prop 
#172°402. Ε: Te P smor smor Q. N, Nc Fa‘O'Q Se CQ. Μ ͵ (ΤΊ νυ ΤΊ nN. 
M' Ξ(ΤΊ| Cov'TF)N’. R= T8295: 
NS=N"S.=.MR= MR: (NS) S(N’S).=.( MR) R(M'*R) 
Dem. 
F.#172401.5+:Hp.>.MR=TNS.M“R=TN'S (1) 
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F.#162'22.*4013.3+:Hp.d.069 CO*SQ. 


[#1641] >.0s COT (2) 
Εν Ἀ8031. κ88ὅ. Dh: Hp.d: NS, NSeCS: 

[(2)] >: NS, N’Se AT: 

[#7 1-56] >: NS=N'"S.=. ONG = TNS, 

[(] =.MR=M'R (3) 
(1). Db: Hp.>:(M*‘R) R(M'R). =. (TNS) (T38) (TANS). 

[150-41] = .(N*8)(BT38) (NS). 
[#151-252.(2)] =. (1.9) S(N“S) (4) 


F.(3).(4). DF. Prop 


*172'403. +: Te Psmor smor Q. 2. (ὉΠ αν Tt) (Οῷ C 4 ῸῚΡ 
Dem. 


Εν #8014. *35°48.5 
t:.Hp.3:Ne FgCQ.3.7|N|Cav'T+ = ΤΊ ΝῚ Cav (ΤῈΪ CQ). 


[*80°14.%164°13] > .(T| N| Cnv‘T+)¢ 1+ ΟἹ (1) 
Εν *3732.9b:.Hp.d: Ne FuCQ. 9.07 | V| Cnv'TF) = THEN OT 
[437-271 .*164°1.480°33.%162°23] = TUN 
[1804] = ΤΟ Ὁ 
[Κ164.1.Κ] 6022] -- ΟΡ (2) 


Εν. Ἀ.80114.2 :. Ηρ.2: Ν Έ FaCQ. «(7 |N| Cav‘ 1} RD. 
(ay, 5) ΄ὺν .yFS.R=TS Βέσίῳ. 


[*33°51.*37-1] >. (qS) ceTOS.R=TS.SeECQ. 
[¥150°22.4"1641] >.2eCR: 

[*33-51] 9: Ne FsC'Q.D.7T|N\Cnv' T+ CF (3) 
F.(1). (2). (8). #8014. 3 . 

ti. Hp.3: Ne Fa CQ. 3. (7) Nj Cnv'Tt) ¢ ΚΜ ῸῚΡ (4) 


Εν (4). #43112. 5+. Prop 


4172-404. Ε: Pe Pamor mot 0.2: Ne FO'Q. M=T|N|Cnv'Tt =. 
Me FOP. N=T|M|Cnv‘Tt 


Dem. 
b.¥164°1 . #16223 . #8033. Dh: Hp. d: Ne FOE. 3. DNCAT. 
[*71-191.%50°63] >.2|T|\N=N: 
[#3428]: Ne FaCQ.M=T|N|Cnv'T+.5.7|M=N|Cnv‘Tt. 
[34-27] >.7|M|Cnv'Tt = ΝῚ Cnv'Tt|Cav'Tt (Ὁ) 
b.x8014. Dh: Me FsKCQ.SeAN.D. SOQ. 
[40°13] 5. ΟἽ CKOOQ (2) 


F.(2).*1641.5F:.Hp.9: Ne F5CQ-SeAV.D.CSCHT (3) 
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t.(1).*1501.5+:. Hp. Ve RsCQ.M=T|N|CnvTt.9: 
y (T\M{Cov'T+) Υ.Ξ. (5, 2). ΝΒ. ΤΒ τ: - ΡῈ. 


[(3).κ181:25] =.(qS, R).yNS.R=TS.Y=S. 
[*13-19'195] =.yNS (4) 
b.(4).#172-403. 3: Hp.d: Ne Fs'C'Q.M=T|N|Cov‘Tt.>. 

Me FsC‘P.N=T| M|Cnv‘Tt (5) 
2 (5) OP 416421. Db: Hp.d: Me FCP. N= 7|M|CnvTt. >. 


T, P,Q 
NeFOQ.M=T\N\Cnv'Tt (6) 
F.(5).(6). DF. Prop 


*172-41. +:T¢« Psmorsmor Q.). FaSC'P =(T | Cnv'Th)“FCQ 
Dem. 
b.#172'404.443°112.5+:.Hp.3:MePsCP.D. 
T|M | Cnv'Tt e FaiCQ. M =(T || αν ΤῊ (ΤΙ νυν ΤῊ. 
[4376] 2. Me(T|| σαν ΤῊ) ΕΟ (1) 
F.(1).*172-403.956F. Prop 


The following proposition is important, since it gives the required 
correlator of ΠΡ with TQ. 


#17242. ΕἸ ΤΕ Psmorsmor ᾧ. 9. (1| αν ΤῸ ἢ" C*IT ἐ(Π ΡῈ smor (I1‘Q) 
Dem. . 

F. #1641. «15022. 9 : ΗΡ.9: ΡΞ ΤΊΚΟ: 

[*37°6.*150°1] 2: ReCP.=.(qS).8eCQ.R=TS (1) 

F.l641.5+:.Hp.3:R/PR.=.(qS8', VY). Αἰ Ξ ΤΌ. R=THY.S'QY (2) 

F. #15131 .*1641.5b:: Hp.3:.58, VeCQ.R=TS.R=TY.3.8=Y:. (8) 


[13-13] :. %eCQ. R= TS.9:VeCQ.R=TY.=.8=¥ (4) 
Εν (2).(4).43317.D 
b:.Hp.SeC'Q.R=TI8.3:R/PR.=.(qs',Y).R'=T38’ S=¥.S'QY. 


Ht Ul 


[413-193] (q&’). Κ΄ = 738’ .8'QS (5) 
F.¥150°4.417211.5b::. Hp. 9 :: M ( Cnv‘ ΤΈΡΙΓΟ) Μ΄. Ξ :. 
(ἩΝ, N’):. M=(T||Cnv'Pt)N.M’ = (T | σμν ΤΊ}. . N,N’ ΡΟ Ὁ -:. 
(8): δεσῳ . (5) S(N'S): SOS. δ΄ Ἐ δ. Dg. NES’ = NS: 
[112.4].402] Ξε :. ΜΙ, Μ΄ ¢ FySO*P :. (qS, RB): SeOQ. Ξ- Τ 5.(Ε} RMR): 
S’OS. R= TS.98+8.39 7. MR = MR :. 
[%10°23.(8).(5)]=:.M, M’ eFafC*P:.(qS,R): SeC'Q. R=TIS.(M‘R) R(M"R): 
R+R.RPR.Dp. MR Ξξ.ἁ ΜκΚ':. 
[(1})...172.11] Ξ -. M(IT'P) Μ’ (6) 
Εν (6). κ48.302.. 175. 4.. 151,29. DF. Prop 
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The following proposition is a lemma for *172°43. 
#172421. tk: S= TP O*S‘Q.S ¢ Psmor smor 9.2. 
D (S| Cav‘St) ἢ Ῥω“ = (ΠῚ Cav‘ Tt) fp Fao 
em. 


ΡΒ. 80°33 .*164°18 . #16223, h:.Hp.Ne Fs'CQ.3.DN COQ, 
[*35°481] 2.7T|N=S|N (1) 
t.*8014.5h:.Hp.MeRsCQ. Ve ND: YeCQ: 
[*150°33.*162:22) 9: X=TjY.=.X=SHY. 
[*150°1] 9: ¥(Cnv‘Tt) X=. Υ (Cnv‘St) ἃ (2) 
Ε. (2). κ8814.32} :.ῆῥρ. δ΄ FaCQ. 9: 

(qV).yNY.Y(Caov'Tt) Χ .Ξ. (ἃ Υ).ὙΝΥ͂. VY (Cnv‘St) ἃ : 
[κ84.1] 9. N|Cnv‘Tt = NV} αν δὲ (8) 
Ε.(1)ὴ.(8).35Ὲ:,. ΗρΡ.9: Me MCQ.3.7T|N| Cnv'7T+ = S| N| Cav'St: 
[43°11 2.%35°71] D2 (7 || Cav‘ ΤΌΤ Βα = (S || Cav‘St)f ἔμ ΟἿΟ :. Db. Prop 
#17243. +: ΤΤ CS Qe PsmorsmorQ.). 

(Ti! Cnv‘T'F) f CCIE ¢ (TIP) smor (1*Q) 


[1 72-42°421] 
#17244. +: Psmorsmor@Q.>.T1‘P smor 11‘Q [*172°42] 
#17245. +:.Multax.>:P,Qe Rel? excl. q! Psmor Qa Ri‘smor. 9. 


ΚΡ smor ΠῸ 
[κ164.44.. .172.44] 


The following proposition shows that if two relations have the same field, 
and if the parts of them that are contained in diversity are the same, they 
have the same product. Thus eg. II‘P,.= IP», in virtue of *91°541. 
#1725. F:COP=CQ.PATHQAI.D. UP = Πῳ 

Dem. 

F.*5011.5+:. Hp.o:RPS.R+8.=.RQS. £48 (1) 
F.(1).#17211.355. Prop 
The following proposition is used in *182°42. 
*17251. | .ISP= (Poult CfP) [*172:5] 
*17252. Ε:.0 ἘΠῚ }Ρ,29. (1) ΡΩ. ΚΈ:39. ΠΡ Π Ὁ AV) 
Dem. 


bs e501] « +:Hp.>.a'PCA(PAJ) 6) 
- 

+ #3314. ΧΘΘΊΟΙ. Transp. DF: ΟΡ0.2..θ ΒΡ: 

[‘Transp.#33°13] Db: QeBP.>.(qR).QPR.R+Q. 

[κῦ0:11] 5,9 ε0.Ρ 9) (2) 

Ε.(1).(9). «98.108. Ε.ΗΡ.9.. ΟἿ ΟΡ). 

[κ88.268] >.OP=C(PAT) (8 


Ε. (9). ΠῚ2 δ. DF. Prop 


Thus we shall always have H‘P= ΠῚ AJ) unless there are members of 
(‘P which have no referent except themselves. 


*173. THE PRODUCT OF THE RELATIONS 
OF A FIELD (continued) 


Summary of #173. 


In this number, we shall consider the relation between the domains of 
relations related by II‘P, 1.6. we shall consider DsII‘P. This relation bears 
to TIP a relation analogous to that which Prod‘« bears to es‘«. We shall 
denote it by “Prod‘P.” When Pe Rel’ excl, Prod‘P is like II‘P, and is often 
more convenient than II‘P. When Pe Rel*excl, Prod‘P arranges the multi- 
plicative class of C“C*P by first differences, taking first differences to mean 
that the earliest member ᾧ of C‘P for which wan C'Q+vnC‘Q has the 
#-member earlier than the v-member in the Q-series, 


The properties of Prod‘P all result immediately from those of II‘P, and 
offer no difficulty of any kind. The most important of them are: 


#17314. biq!P.CTOSPel31.3.C Prod‘ P= Prod‘C“C'P 


1.4. if P is not null, and no two members of CP have the same field, 
then the field of Prod‘P is the product of the fields of ΟΡ, Observe that 
ChC'Pel—1 if Pe Rel? excl. 


#173°'16. +: Pe Rel?excl.>. 
Prod‘P smor ΠΡ. Df ΟΡ ¢ (Prod‘P) smor (II‘P) 


#173-2. +. Prod‘A=A 

#17322. +.Prod(P | P)=o6P 

#17323. f:P4+Q.2.Prod(P | Q)=CXP x Q) 
"1733. +: TP C'S‘Qe PsmorsmorQ.>. 


ΤΕ} C*Prod‘Q ¢ (Prod‘P) smor (Prod‘Q) 
*173'31. +: PsmorsmorQ.). Prod‘P smor Prod‘Q 


#17301. Prod‘P=DiIIKP Df 

#1731. +. Prod‘P=D3IIKP  [(#175-01)] 

#173°11. b:4(Prod‘P)y.=.(qM,N).M (IP) NV. p=D‘M.v=DN 
[*173-1 . ¥150°51] 

#17312. Ε΄ C*Prod‘P CD «FsCP  [x172°12. *150°202] 

#173121. +. C*Prod‘P = D«OUP [*173'1 . 150-22] 

#17313. big! P.D.C'Prod(P=DERSOP [172-17 . #173121] 
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#17314. b:q!iP.CiC'Pel 31. >.C*'Prod‘P = Prod‘O“O*P 
Dem. 
b.*85°12.%33'5. ΞΕ: Hp.d. ΟΡ = De COOP . 
[¥1.73°13-%115°1] >.CProd‘P = Prod‘C““C*P: 3+ «Prop 


*173°15. F: DP Fs'C'Pel +1,.>. Df CTP e(Prod‘P) sor (IP) 
[4173-1 . 4172-12. #151231] 


#173151, ΕἸ DP Fa‘O*Pe1—»1.>. Prod‘P smorlI‘P [173-15] 


*173-16. |: PeRel®excl.d. 
D Prod‘P smor ΠΡ. ΓΟ ΠΡ ¢ (Prod‘P) smor (HP) 
em. 


F.*163:12.5+:Hp.3. Ff CPeCls—l. 
[48121] >. DP FC'P ε1- (1) 
Εν (1) 4173415115. Ε. Prop 


*173°161. F: Pe Relexcl.qitP.>.C*Prod‘P = Prod‘C““C*P 
[4173-14 . %163:'14] 


¥173-17. bi! Prod‘P.D.sC'Prod‘P = CSP 


Dem. 
t.*173'13.3¢:Hp.d.s'C'Prod{P = sD" FCP 
[+41 °43.%80°42] =D‘FT CoP 
[*37°401.#162°23] =C°S'P: 3+. Prop 
*173°2. +. Prod‘A=A [417213 .*150°42] 


Χ11821. bq! Prod‘P.=.q! TP [#1731. #15024. 43312] 
*173-22. +. Prod(P 4, P)=uP 


Dem. 
F,¥*1722.54. Prod(P | P)=Dil PoP 
[*150°4] = 23 {(qa,y).aPy.p=D(el P).v=Dy | P)} 
[*55°16] = 29 \(qa,y) .ePy. p= a ov = ty} 
[*150°4] =vUP.>F. Prop 
#17323, +:P+Q.>.Prod(P | Q)=CP x Q) 
Dem. 
bl #17221, It: Hp.d.CxPxQ=CrHQ)Prpy(Pya® 6 


Εν #8014. #150238. 3b: Me FOO) P). >. CMO) P)=DM: 
[κὅ815...] 801] Dh: Me 4 ΟΡ. ῳ).3. Οἀ( . ΡΜ Ξ ἨὩὉ“Μ: 
[Κ172}12] 9Ε:ΜΕΘΠΚΡΙῳ),.9. ο Py M=DM: 
[*150°35] DF. CHH(Q) PIP) Q=DT WP | Q) (2) 
F.(1).(2).*173'1. D+. Prop 
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*173°24. 


Dem. 


*173°25. 


Dem. 


*173:26. 


Dem. 


*173°27. 


Dem. 
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b:O°PaACGQ=A.D. CP O¢(P x Qe {Prod(P | Q)} smor (P x Q). 
Prod(P | Q)smor P x Q 


Εν. 16612. DE.CROUP x Q)= CP (CP x CQ) (1) 
F.(1).*119148.5+:Hp.>.ChC(Px Qyell (2) 
F.(2).%*173'23.2+. Prop 


Fk: Pe Relexcl. Z~eCP.CGZnC3P=A.9.~ 
Prod‘(P +4 Z) amor (Prod‘P x Z). Prod(Z εἰ P) smor (Z x Prod‘P) 


+ .#163°451,5+:Hp.>.P + Ze Rel’ excl. 

[*173°16] >. Prod“(P » Z) smor 1(P pp 2). 
[*172°32] >. Prod(P Ὁ Z)smor ΠΡ x Z. 
[*173°16.4%166°23] >. Prod(P + Z)smor Prod‘P x Z (1) 
Similarly F:Hp..Prod(Z¢ P)smor Zx Prod‘P (ὦ) 
b.(1). (2). Db. Prop 


bs P,QeRelexel .q!P.q!Q.O'PaCQu A.C PaCS Q=A.2. 
Prod((P4.Q)smor Prod‘P x Prod‘Q 


Εν 163-441 . 4173-16. Db: Hp. >. Prod(P4.Q)smor ΠΡ 30). 
[1 72:88] >. Prod(P4£Q) smor ΠΡ x HQ. 
[¥173°16.%166°23] 9. Prod“ P 4Q)smor Prod‘P x Prod‘Q:3+. Prop 


FsOSPnCQ=A.COPACR=A.CQNCR=A.). 
Prod {(P | Q) + ΕἸ smor Px Qx K 


f.#17325.3h:Hp.R4+P.R+Q.). 


Prod‘{(P | Q) +> ΕἸ smor {Prod(P]Q)}x &. 


[*173°24] >. Prod‘{((P | Q)+ Rl smorPxQxR (1) 
F.*33'241.5':Hp.R=P.3.R=A.P=A, 

[x1 72-14.*166°13] DIP LQpR=A.PxQxR=A. 
[Κ11781.] 6042] 2. Prod {(Ρ ῳ Q)pR=HA.PxQxR=A. 
[#153°101] >. Prod‘{(P | Q) + R} smor(P x Qx #) (2) 
Similarly bt: Hp. Ξ- 9.39. Prod {(P | Q) ++ RB} smor(P x Qx R) (3) 


F.(1).(2).(3). DF. Prop 


The following proposition gives a correlator of Prod‘P and Prod‘Q when 
we are given a double correlator of P and 0. 
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#1733. +: 7 CS‘Qe Psmorsmor 9.2. 
T.f C’Prod‘Q ¢ (Prod‘P) smor (Prod‘Q) 


Dem. 
b.#173°11 . #17243. 
b:.Hp.D:y(Prod‘P) pw’. = .(qN, N’). N (IQ) N’ «p= (ΤῚΝ | Cnv‘T4), 
p = DYT|N’| Cnv‘Tt). 
[*37°32°321]=.(qN,N’). Ν (ΠΟ Ν᾽. με TDN. p= TED’. 
[¥l7311] =. (qv, v').v (Prod Q)v .p= Τόν, p= Tr". 


[437101] =. (T3Prod“Q) p’ (1) 
t.*17317 Db. sCProd‘Q CCQ (2) 
[¥l1112] DE.(TP OCS Q)f C’Prod’Q = Te f C’Prod‘Q (8) 
F.(2).(3).*72°451.5+:Hp.>.7.[CProd‘Qe1l—1 (4) 


Ε. (1). (4) «#151231. 3. Prop 

#17331. +: PsmorsmorQ. >. Prod‘P smor Prod‘Q [1188] 

#17332. ΕἸ: RE OSQel1.CSQCTR.D. Prod‘Rt3Q = Re Prod‘Q 
Dem. 

b.#16418.+:Hp.>. RE ΟΣ (RHQ) smor smor Q. 

[*173'3] >. Ref C'Prod‘Q « (Prod‘R+)Q) smor (Prod‘Q) . 

[*151:22] >. Prod‘ RQ = RProd‘Q: 3. Prop 

4173-38. t:DEO'S'Qe1 1. >. ΡΟ ΟΡ Ὁ = DSProd“Q | #173'82 Rl 


The above proposition 1s used in proving the associative law for “ Prod” 
(#174401). 
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4114. THE ASSOCIATIVE LAW OF RELATIONAL 
MULTIPLICATION 
Summary of #174. 


In the present number, we have to prove the associative law for IT and 
for Prod, 1.96. we have to prove (with a suitable hypothesis) 


ΠῚΡ smor ΠΣ Ρ 
and Prod‘Prod?P smor Prod‘3‘P, 
The first of these requires  ε Rel? excl and either P GJ or 
OPQ .3g.CQe0 V1; 


the second requires not only this, but also >‘PeRel’excl. When both P 
and =P are relations of mutually exclusive relations, we call P an arith- 
metical relation, which we denote by “Rel*arithm.” Arithmetical relations 
serve exactly analogous purposes to those served by arithmetical classes in 
cardinal arithmetic. 


The proof of the associative law for IT consists in showing that, under 
a suitable hypothesis, $|D (with its converse domain limited) is a correlator 
of ΠΣ Ρ and ΠῚ (*174°221°23). To prove this, we first prove 


#17417. ΕἸ Pe RelPexcl.3.s8*D°CTUIbP = CWU'S'P 
and 
#17419. +: Pe Reltexcl.>.(s/D)PCUUMP el 1 


This gives what we may call the cardinal part of the proof, 1.6. it shows that 
(§|D)[ ΟΠ ΠΡΡ is a cardinal correlator of the fields of ΠΣ. and (‘Ils P. 
We then prove that if M and N belong to the field of II‘IP, they have the 
relation ΠΡ when the relational sums of their domains have the relation 
ΣΡ. Here, in addition to the hypothesis Pe Rel? excl, we require that if 
any relation Q has the relation P to itself, then C‘Q is not to have more than 
one term. Thus we have 


#174215. b:. Pe Relexcl: QPQ.39.C'QeQul:d: 
MUP) N.=. M,N e Py TMSCP . (8D) (I1SSSP) (DAN) 


The hypothesis PQ .De.C’Qe0vu 1 is verified if P G J (#174216); thus 
for most purposes it 1s more convenient to substitute the simpler hypothesis 
PGJ for QPQ.39.C'Qe0ul. We shall, however, have occasion to use 
the hypothesis QPQ.39.C‘Qe0vul in *18242-43-431, where our P is a 
relation whose field consists entirely of relations of the form 9.4 Q, whose 
fields are always unit classes, so that our P satisfies the above hypothesis even 
if P is not contained in J. 
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The proof of «174215 (above) is effected by first proving 
#1742, +: PeRePexcl.QeC(P.MeCMIPP. 3. Πρ ΞΘ ΠΟ Ὁ 
From *174°17:19°215 we deduce 


#174221. Γ τ. Pe Rel?excl :QPQ.39.C*QeOuU1:d. 
ΠΣ“ = SDLP. (8|D) Pf CIID P (ΠΣ Ρὴ) smor (IIT P) 
whence we obtain the more convenient proposition 
¥17423. +: PeRel*excl.PGJ.3. 
ΠΙΣῚΡ =HDsIlIPP .(8|D)f ΟΠ ΠΡ e (ISP) smor (I1‘TL P) 
Thus if the hypothesis of #174221 or of *174'23 holds, the associative law 
holds forgII («174°241-25). 
To prove the associative law for Prod, 1,6. 
Pe Relarithm. PCJ.23. Prod‘=*P smor Prod‘Prod} P, 
we observe that, since [ISS‘P=HD ITIP (#17423) 
= #Prod‘It+P, by the definition of Prod, 
we have (*174°41) Prod‘3‘P = D333 Prod ΠΡ 
= 9DProd‘IbP, by 41°33, 
= 9Prod‘DPIDP, by *173:33, 
= s}Prod‘Prod}P, by the definition of Prod. 
Also sf C‘Prod‘Prod}P el—>1, by #11546. Hence the associative law 
follows (*174°43). It will be observed that in this case the correlator is 
simply s with its converse domain limited (#17442). 


As in the case of IT, “PGJ” is a stronger hypothesis than we really 
need: what we need is QPQ.39-C*QeOu 1. 


#17401., Rel*arithm= P(P,3‘PeRel’excl) Df 


#17412. F:C>C'Pe1l31.59.1DP ε Rel? exel 

Dem. 
fF. #150°202.5 
Fk: MNeCIDP.GlOMnON.D.MNeMISCOP Gi CMa. 
[5316] 3.(qQ,2).Q0, ReCP.Ma=TNG.N=aTR.giCUncy. 
[#17212] D.(qQ, R).Q, ΟΡ. ΜΈ ΠΟ. ΝΞ ΚΕ. gl PaiCQn FCR. 
[*80°82.Transp] >.(qQ, R).QReCP.M=IQ. N=IR.CQ=CR (1) 
Ε. (1). *7159.3h:.Hp.d: 
MNeCTUP.qiCMnCW .3.(qQ, BR). ρ Κα. ΗΜΞΊ Ὁ. N=. 
[%*13°195°172] 2.M=N (2) 
Εν (8). κ16811.9 Ε. Prop 
#17413. F:PeRelexcl.>.[bPeRePexcl [*174-12. *163°14] 

28—2 


436 RELATION-ARITHMETIC [PART IV 


417416. F:qiP.>. OMI P= FMP 


Dem. 
b.*15025.3F:Hp.d. qtr. 
{*172°17] >. CUP = FySCIGP 
[*150-22] = FTICSP: 3+. Prop 


#174161. Fig iP. Pe Relexcl.d. 
C*Prod TDP = D“O‘TETP = Prod‘ Pa C“%C8P 


Dem. 
bi xl73121. D+. ΟΡ = D“C TIP (1) 
b. #173161. Db: Hp. dD. C*Prod‘Tl3P = Prod‘C“CTP 
[#15022] = ΡΠ “CP (2) 
Εν l7217. DE: Ame OOP. 5. COTM OP = Fut" OP (3) 
4179-14. #17321. Db: AcO*P.3.C'Prod‘IGP=A (4) 
.¥80°26 48311. Dk: AeO*P.D. Prod‘fa"C"OsP =A (5) 


.(2).(38). DF: Hp. Ane ΟΡ. 3. C'Prod‘IjP = Prod‘Fy"C“'C*P (6) 

. (4). (6). Db: Hp. AeC'P. 3. C*Prod‘I3P = Prod‘ Fa O“O'P (7) 

»(1).(6).(7). 3+. Prop 

4174162. bf! P. Pe Rel?excl.3.6D“CUMIP = ΠΣ P = FSCS P 
Dem. 

F.*174161.#1151. 5+: Hp. d.8DSCTM IP = Die, Fa CCCP 

[*85°27.#163'16] = Fy6s6C"C'P 

[*162°22} = FCP (1) 

b.(1).#17217,. >: Hp. qitsP.3.3s“DSCIlIbP Ξ ΟΣ Ρ (2) 

F.*16245. Dk: Hp.2'P=A.D.P=AJA. 


TTT TT τ 


[#17 2°13.4150°71] D.IPH=AYA,. 

[¥*172°14] >. 0IGP=A. 

[*33:241] >.sD“CMIMP=A (3) 
b #17213. *383-'241. ΞΕ:Σ ΡΟ. ἡ . 5. ΠΣ ΡΞ ΔΛ (4) 
Ε. (8). (4). D+: Hp. S°P=A.3.5D“OT MIP = 1 Σ (5) 


F.(1).(2).(5). DF. Prop 
#17417. £:PeRePexcl.3.8D°OMIDP = ΟΣ Ρ 
Dem. 
b.*150°42.417213.3b:P=A.3.8*D“OMIDP=A (1) 
b.#1624.417213. DE: PH=A.9.CUISSPHA (2) 
F.(1).(2).#174162. 5+. Prop 
#17418. τ: PeRePexcl. 9. DPF CUMIUPe1 1 


Dem. 
b.17412. #1631412. D5: Hp.2.F> CUP eCls1. 
[*81:21] 2.D> FsOUP eli. 


“[*172-12] >. DIP CMITUPe1+1:3+. Prop 
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#17419. ΕἸ PeRel*excl.3.(§/D)PCIIIbP el 1 
Dem. 
#1631. #35°14.3h:.Hp.d: 
QReCO'P.QtR.don FLCQAFTCR=A. 
[¥172191] Don HEOMQAKOTISR=A (1) 
μ ; ΠΟΥ 
.(1). κθ8. 6. Ἀ8631. 5 —— — «9 
bt: Hp.d:M Ne FMC. SDM τ Ν.5.Μ-: ν: 
[*172°12.%150'22] 3: M,N e OTMIDP . DSM =#D‘N.D.M=N:.3+. Prop 


#174191. Ε: Pe Rel’excl. 9. ὁ} C'Prod "ΠΡ εἸ —1 


Dem. 
b.¥17419. Db: Hp.o:sMNeCMIDP. DSM =sD‘N.O.M=N., 
[*30°37 ] 5. ΜΌΝ: 
{*37°63] Dra,veD“CUIDP. Sp=sv.d.p =v: 
[*173°121] D:p,veC Prod IP. s&u=sv.d.p=v:. 9. Prop 


#1742. :PeRelexcl.QeO'P. MeCTIIDP.D. ΜΓ ΞΘ Δ Ὁ 
Dem. 


#17212. #15022. DF: Hp.>.Me Fs TOP. (1) 
[*80°31.433'3] >. MQ 120. 

[κ179:19] 5. ΜΠ ΟΕ ΡΟ. 

[*80°14] >. ΜΠ |ρ- 0 (2) 
Ε.(1). κ803. #4113. Db: Hp. Dd. Μπη GSD‘ (3) 
ΟΙΦΙ. ΕΙΗρΡ.9. Με ΟἸἼΠΣΞΜΡ. 

[#172°12.%80'14] >.#D‘Me1>Cls (4) 
.(3).(4).#72:92. Db: Hp.d. ΜΠ 0 Ξ- (2) } αΓΠῸ 

[(2)] =(sD‘M)f C1Q: D+. Prop 


#17421. bi: PeReltexcl QeC'P.MNeCUIUPP.D:. 
D ΜΠ: ΝΠ. =: Re CQ. 32.(# DSM) R Ξ ΝΥ ΚΕ 
em. 
Εν #7135 . #8014. 417212. 2 Ε:: Ηρ. ds. 
ΜΠ 9 ΝΞ: Re CQ. Dp. ΠΟΥ ΚΞ (NSO) AR: 
(#174-2] »ReCQ. De. (DIM) PCQOER = (SDN) fF CQR: 
[*35°7] >ReCQ.D2. (ΔΕ = (DIN) Rit DF. Prop 
#174211. Fis. Pe Reltexcl. 51: MGUIDP) N.=:. 
M, Ne F‘T“C'P:.(qQ, 8): QeC'P. Se CQ. ({“Ππ|0}).5] S {(NIQ)S} = 
TOS. TH+S Dp. (MIO) T =(MTOYT: 
RPQ.R+Q.TECR. Dp pe (MUSRYST = (NTR T 
Dem. 
+, #17211 .#150-22.5b:: IID P)N.=:. 
M,N ¢ Fa‘TC*P :. (q@Q)? Qe COP . ΑΙ ΠΟ (10) (A11‘Q) = 
RPQ.UWRAMQ.32.MMR=NISR (1) 


ed ἢ 
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F.*80°31.9b:. Me Ps T"COP.O:Q0eCP 39. MQ e CN. (2) 
[κ99:24] De Π00. (3) 
fal 72°19] 99. ΟΠ 9 Ξ FE CQ (4) 


Ε.(3).(4Φ..23ῈἘ : Me ΡΠ ΟΡ ο ΟΡ. Π’ῳΞ-Π.Ὲ.32. 
FPRCQO=FKFTCR. ΠΟ  ἸΠ4Ὲ. 
[5179.141:199] >.C'Q=O'R (5) 
b.(5). #16314. 3b: Hp. 2. ΠΟ ΡΟ, ReCP.D: 
WQ=TR.D.Q=R: 
[*30'37.Transp] I: Q40‘R.=.Q4hR (6) 
F .#&71°35 .(2).*#172°12.%8014.5 
ΕΜ Ne PSUSCP.ReECP Os. 
MIUUR=NUR =: TeCR. Dp. (MUSRYT=(NIRYT (Τὺ 
Ε.Ἀ11211. 5 Ε 2: (MIT 0) (IQ) (NTLQ). =. MAT, NIE ¢ Fa'CQ : 
(48): SeO*Q. {(TQ)S} 8 ((WATQ)S} 
TOS. ΤΈΜ. 5, . ΠῚ) ΤΕ (NITSQ)T (8) 
Ε.(1).(2}). (6). (7). (8)... Prop 
#174212. Ε τ: Pe Relexcl. 5: M(UIIDP) V.=:. 
M,N PsSMC'P τ (τῷ, 8): Qe CP. Se CQ. (Ὁ .Μ..5} 5 [(6 04} }.5}: 
ΤΟΙ. ΤΈ δ. 3,. (2) Π 1 τὶ (Ὁ ΝΥ : 
RPQ.R+Q.TeCR.d2 7. (SDM T= (#DINYT 
[4174-2-211 .*35°7] 
#174213. Fs. RPQ.SeCQ.TeCR.S4T. do n57- RQ: PeRelexcl: 3: 
RPQ.SeCQ.TeCR,.R+Q.=.RPQ.SeCQ. TeCR.StT 


Dem. 
F.#1631.3+:Hp.3:RPQ.R+Q.8eCQ.7TeCR.D.S+T (1) 
Fexlll. Dt: Hp. 9: RPQ.SeCQ.T6COR.S+T.D.R+Q (2) 


F.(1).(2). D4. Prop 
#174214, Fi: Pe Rel?excl: QPQ.D9.C'QeQul:D:. 
(HQ):QeC*P: TOS.T+S.v.(qR).RPQ.R+Q.8eCQ.TeCRi =. 
T(2‘P)S.T+S 


Dem. 
Ε. 52.41.5 ΚΗΡ.2: 5. TeCQ.S47.39.~(QPQ): 
[*13°12.Transp] I: RPQ.SeCQ.TECR.S4tT.3.Q0+R (1) 


F.(1).#174213.> 
F:sHp.3:. RPQ.SeO'Q.TeCR.R4+Q.=.RPQ.SeOQ. TOR. SHTs. 
(44°37.%11-341] D :. 
(10). QeO'P. TOS. T4S.v.(qQ,R).RPQ.SeC'Q.TeCR.R4Q: =: 
(qQ)-QeC'P.TQOS.T+S.v.(qQ,R). RPQ.SeCQ.TeCR.THS: 
[¥162-13] Ξ: ΤΙΣ Ρὴ5. ΤῈΒ (2) 
Εν. (2). κ8817. 5 ΕΞ Prop 
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*174215. Fs. Pe Rel?excl: QPQ.39.CQeOvl:id: 
D MUP) N.S. ΜΙ Ne ΠΟ Ρ. Μὴ (ΠΣ ΡῚ (DN) 
em. 
F. 4174212214. 3h::. Ap. ds: M(MSIP) N=. 
M, Ne FslI“C*P z. (GQ, 8): Qe CP. Se CQ. (DIM) ‘S} Β.( ΘΝ]: 
ΤΟΣ Ρ)» 5. THES. 37. (DIM )T =(sDIN)'T α) 
Εν x1 7213. 415242. 9: MTP) ND. GiP. 
[*172°162] 9. sD‘, sD‘Ne FSCSSP (8) 
f .#16222. Db: (qQ). QeC'P. SeO'Q.=.SeC*S'P (3) 
b.(1).(2).(8)-#172°11. 9 Ε- Prop 
#174216. Fs. PEJ.9:QPQ.39.CQe0ul 
Dem. 
+ .*5024. Db: Hp. 2:(Q).(QPQ): 
[*10°53] 2: QPQ.3e-CQe0ul:. Db. Prop 
#17422. Ε:. PeRel*excl. PGJ.3: 
MUP) N=. MN ¢ FaSTI“C*P . (ΞΜ USP) (DN) 
[¥174-215-216] 
"1 74.221. Ε: Pe RePexcl: QPQ.399.C*Qe0¥Ul:3D. 
D IlS‘P=HsDsITP . (s| D)f CIDP ¢ (I1*S*P)smor (IIB P) 
em. 


F. #174215 .*150-41.5 

F:Hp.T=(s|D)PCUWIPP.D MIP = Ts P (1) 
F. #17419. It: Hp(1).9.7el—l (2) 
be&l 7417. DF: Hp(l).9. 5 1- ΟΣ Ρ (3) 
Ε.(1). (8). (8). #15111. Db: Hp (1). 9. Τε(Π4Π}}} smor (ΠΣ). 
[5151181] >. Τε (ΣΡ) smor (Π΄Π}Ρ) (4) 


Ε.(4). κ1|81.22.2Ὸ Prop 
#17423. +: PeRelexcl. PEJ.3.0'S'P=SDIIP. 
($|D)f CIMT P ¢(I1‘S*P) smor (UTP) [174-221-216] 
4174-231. bs. Pe Reltexcl : QPQ. 39. CQe0ul:>. 
ὁ} O*ProdI13P e (11'S ‘P) amor (Prod‘TI}P) 


Dem. 
Εν. 4174221 .41731.5+:Hp.>. ΠΣ Ρ = 8 Prod‘IP (1) 
b.(1).%174°191 . 151231. 5+. Prop 
*¥174:24. +: PeRelexcl. PEJ.3. 
st C'Prod‘IIP e (ISP) amok (Prod‘I3P) [*174231-216] 
#174241. ΕἼ- PeRePexcl: QPQ.39.CQeOul:id. 
ΠΙΣΡ smor IVSIDP .‘S!P smor Ῥγο "ΠΡ  [*174-221:231] 
#17425. +: PeRel?excl. PCJ.D. 
TS‘P smor WIP. U*S'P smor Prod ID?}P [#1742324] 
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This proposition gives the associative law for II. It remains to prove the 
associative law for Prod. 

The following propositions are concerned with various properties of 
“arithmetical” relations, down to 36] 744, where the proof of the associative 
law for Prod begins. 

#1743. +: PeRelarithm.=.P, >‘Pe Rel*excl [(¥174°01)] 


#17431. Ε: Pe ReParithm.=:Q,Q'eC'P.Q+V .3o¢-C§QNCQY=A: 
R,ReCP RAR Dae CRACR =A [#1743 . #1631] 
#174311. F:. Pe ReParithm.=:Q,Q' eC'P.qiC’Qn CQ’ .Ide9¢-Q=9: 
R,ReCVP.G@iORanCR Den. R=R (#1743. 4163-11] 
#17432. fF: Pe Relarithm.=.F> CSP, PTC ‘PeCls— 1 
{¥174°3 .*163'12| 
#174321. F: Pe Relarithm .D.CTO*P,CTOC%S ‘Pell [#1743 . #16314] 


#174322, +: Pe Rel*arithm. Q, Q eC*P.q!C"C'Qan CC" .D.Q=Q 


Dem. 
F.4376.9+:Hp.3.(qkR, RP). ReCQ.ReCY.CR=CR’. 
[#174321] D.(G RB). ReCQ Re. R=R'. 
[*13°195] 9. πϊσίρὰ Ὁ’. 
[#174311] >.Q=Q':DF. Prop 
*174:33. F: Pe Relarithm.3.COO*P ¢ Cls*arithm 
Dem. 
Ft .*174°322.D 


Εν Hp. 9 1:0, φ΄ ΟΡ. GQ i OOO nC . D992 CCQ = COD: 
[*37°63] Diy, δε ΘΟ (0 ῬΡ  αὶγα δι, γτδ: 


[8411] 2: Οὐ 0 ῈῚΡ ς Cls? excl (1) 
Ε, #1743. #16316. ΚΑ] 6222. 5Ε: Ηρ. 9. Οὐ ΟΠ ΟΡ ¢ Cle’ excl . 
[5540:38] 2.5 Θ΄ ΟΠ ΟῈΡς Cls? excl (2) 


b.(1).(2). #1152. D4. Prop 


#17434. &: PeRelarithm.=. 

CHCUOCP ¢ Clst arithm. Ch COP, ChCP el 

Dem. 
b .#*174:321:33 ..3 
b: Pe Relarithm .3.06C“O'P ¢ Cls*arithm .CT CP, CTC‘ Pell (1) 
Ε.Ἀ11ὅ.2.2} : 0C“O'P ¢ Clstarithm. Ch CS‘Pel—ai.d. 
..Ο΄ “0 0(ῈΡ ε Cis excl. Ch C*2‘Pelwl. 

[*40°38.4162°22] 2. CWC P ε Clstexcl. Ch ΟΙΣῚΡ ell. 
[*%163°17] >. >! P ¢ Rel? excl (2) 
F.4«3762.9F 20,0 CP. ReCQnCY .2.C¥ReC#hOQDnCvte"dy (ἃ) 
F.(3). #1152 .*8411.5 
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Εἰ COMOCCP ¢ Cistarithm.Q,Q' eO'P.qi CiQnc.3. 
CHO=CHOY (4) 
b (4). 472481. #37421 .5 
Fs CM CUC*P ¢ Clstarithm .Ch OSs ‘Pel—l. 
,ῳ e OP Gi COnCO.3.0°=CQY (5) 
F.(5). #7159.) 
Fr. OSOMC*P ¢ Cis arithm.ChCS‘Pela1.ChC'Pel—»1.9: 


QQ eOP.g!CQn CQ .2o9-Q=Q': 


{[*163-11] 2: Pe Rel? excl (6) 

Εν (2). (6). «1743.3 

ες (ΩΡ ΟἸδ᾽ αὐ, ΟἿ ΟἿΣΕΡ ε1 -ὉὁΖὴοσγοεὶ-»1.5. : 
Pe ReParithm (7) 


F.(1).(7). 35. Prop 


*174:35. +: PeRel®arithm. Ο, 06’ ΕΟ}. 0 Ἐ6Ὸ΄ .3 .ΟἽΣ On ΟΣ ΚΟ Ξ ἃ 
Dem. 
t.4#1743.#1631. Dkr Hp.d:ReCQ. ReCOY .opn7 RER (1) 
F .*162-22. Dt: Hp.d: ReCQ. BR eCO'.Dp 7 RR eOCS'P (2) 
t.(1).(2).417431.3b:. Hp.3:ReCQ.R eC Dap. CRC R =A: 
[Ἐ4027] 9: 9 κα sCOCYV=HAt 
[¥*162°22] 2: ΟΣ ΘΟ a CY =A:r39F. Prop 
#17436. +: Pe Relarithm.3. ΣΡ e Rel? excl 
Dem. 
Εν #17435 . *87°63 . #15022 .5 
tin Hp.o:R ReOUP RAH .D.CRACH=A (1) 
Ε. (1). 1681. 2 Ε. Prop 


#174361. ΕἼ: Pe Relarithm.3>.C‘PC Rel? excl 
Dem. 
F.#1621T. ΞΕ: QeC{P.D.QG SSP (1) 
+. *1743.3+:Hp.>. ‘Pe Rel® excl (2) 
Ε. (4). (2). #16343. 3+. Prop 


#174362. Ε: Pe Relarithm. Q, Q' 06}. C#O'Q = O80" .D.Q=Q 


Dem. 
b.#174322. Dh: Hp.qi0“O'g.3.Q=Q’ (1) 
Εν «37°45. DE:C“WODWHA.D.CQ=HA., 
[33.241] >.Q=A (2) 
b.(2).#13 172. D+: Hp.c“OQ=A.3.Q0=Q' (3) 


F.(1).(8). DF. Prop 
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#174363. +: Pe Rel?arithm .>. Prod’ P ¢ Rel? excl 


Dem. 
Εν. «173161. #174361 .*173°2. Transp. 9 


b:.Hp.3:Q,Q eC*P. qi C*Prod’Q n C*Prod‘Q’. 3. 
a! Prod‘O**C'Q ἃ Ῥυοα ΘΟ. ". 


[#115°23.#174'33 | 2. C8COD = CHC?’ 
[#174362] >.Q=. 
[*30°37 ] >. Prod‘Q = Prod‘Q’ (1) 


Ε- (1). κ16811. #15022. +. Prop 


#1744. +:PeReltexcl.PGJ.O. 
Prod‘S‘ P = D3s Prod‘ TD P = 9 Des Prod‘IIsP 


Dem. 
b.el731. Dk. Prod‘S*P = Ὁ ΠΣΡ (1) 
Εν(1). #17424. 5b: Pe RePexcl. PEJ.3. Prod‘=‘P = DisiProd ΠΡ 
[*41-43] = 9D.'Prod‘T13P: D+. Prop 


#174401. Ε: Pe Rel? arithm . >. Prod‘Prod? P = D.)Prod‘I} P 
Dem. 
Εν *80°33 ..*16223.3DF: Re FafO'Q.3.DSRCCS‘Q (1) 
F.(1). Db: Re FC. Εἰ ΤΑ Ο qi Dik a DR .5. 
αἰ ΟΣ ΟΣ ῳ (2) 
Ε.(2). κΙ͵74 85. 2Ἐ 5Ὲρ.9: 
QO0¢«OP. Re ΩΤ. Re FCO .ὍΕ Ξ- Κ΄. 1.1.5. 
Q=Q'. 
[*81°21.*174°361.*163'12] D.R=R (3) 
F. (3). κ985:241.9 
Fr. Hp.d:Q0,Q0e«OP. Re PiCQ. Re Fai CO. DR=DR .D.R=R': 
[*172°12.*150°22] : Df stC“T1'C’Pelol: 
[*162:22] >: DICEMPe1—1: 
[¥173°33] 9: D.Prod‘I3P = Prod‘ Dt3IbP 
f*173'1] = Prod‘Prod}P :. 3+. Prop 
#17441. +: Pe Rel arithm. PGJ.3. Prod‘S‘P = s)Prod‘Prod’P 
[¥174°4°401] 
#17442. +: PeRelPanthm.PCGJ.D. 
sf (C*Prod‘Prod}P) e (Prod‘S‘P) smor (Prod‘Prod>P) 
Dem. |+.173°161'2 . %#174°363 ..5 
t: Hp.>.C*Prod‘Prod?P ς Prod‘C'C‘Prod? P 
[*150°22] C Prod‘C Prod *C*P 
[x173°161.4174361] ς Prod‘Prod“O«C«C"P (1) 
F. (1). #17433 .#115'46 DF: Hp. >.sfO*Prod‘Prod)Pel—1 (2) 
Ε. (2). #17441 «4151-231. D+. Prop 
#17443. +: PeRelarithm. PGJ.3. Prod‘>‘P smor Prod‘Prod}P 
[*17 4°42] 
This is the associative law for Prod. 
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*17444. |: PeRelarithm. >. Prod‘Prod}P = D.’D3I1 ‘IP 
[4174-401 . #1731] 


#17445. +: PeRel®arithm.>. 
(D.| D) f CITT) P ¢ (Prod‘Prod>P) smor (II*TI3 P) 


Dem. 
F.#l7418.3+:Hp.>. DCMU Pell (1) 
Εν *80°33 . *162°23 .D 
ΕΣ Re POCO. Εἰ ce FSC? og ID RaADR .D. Gl OQ an ΟἿΣ Ο' (2) 
Εν (2). #17435 .D 
F:i-Hp.3:Q,Q0eC'P. Re FiO°”. Re FC? «Gg! DR. D‘SR=D‘R’.D. 
(¥#81°21.4174°361.%*163'12] > ore (3) 


Ε΄. (3) .*33°241 .3 
Fi Hp.3:0,VeCP. Re PiCQ.ReksCQY.DR=D‘F' .D.R=R: 
[417212] 3:9, Q «CP. ReCIU'Q. Be CMY. DR=D‘R'.3.R=R' (4) 
b.*1 73-161 . #376. ¥173-2. Transp. 9 
Fe: Hp. p,veC*Prod' IPP. D p= Dv. 33. 

Rew. d:(q@Q): ΘΕ ΟΡ. Re CTY: 

(HOR). Ve OP. Re CTW’. Rev. DSR=D‘R’: 

[(4)] Di(qR). Rev. R=R: 


[#13195] 3: Rev (5) 
Similarly Fr. Ηρ (8). 3: εν... Rep (6) 
F.(5).(6).9Fs. Ηρ «Ξ9:μινε O*ProdIBDP.D n= Dv. d.=v: 

[*71°55] >: D.f C’ProdIDP el 1: 

(%150°22.%173°1] 2: DP DCC INI P el 1 (7) 
Ε- (1). (7). 485°481. Db: Hp.>.(De|/D) P CUP el 1 (8) 
Εν (8). ΕἸ 74.44.2 Ε΄. Prop 


#17446. +: PeRelarithm. 9. Prod‘Prod)P smor ΠΠΡ [*174°45] 


4174461. ΕἼ: Pe Rel®arithm. PG J.D. Prod‘Prod?P smor ΠΣ Ρ 
[#174°46°25] 

¥*174:462. +: Pe Rel*arithm . >. [*Prod}P smor Prod‘Prod3P 
[#174363 . *173°16] 


The two following propositions merely sum up previous results. 


#17447. &:PeRelarithm. PGJ.D. 
Prod‘=*P = s3}Prod‘Proi P =9D3DiTl IP = Diss Prod‘ID>P . 
st C*Prod‘ProdiP, s|Dej DP CIMIDP, D| sf CéProd‘fIbP el 1 
[4174°42-45°24. €41°43] 
#17448. +:PeReParithm.PCJ.3. 
Nr‘Prod‘Prod? P = Nr‘Prod‘3‘P = Nr‘JI*3*P = Nr TTP 
= ΝΡ “ΠΡ = Nr*J] *Prod3 P 
[ «17 4°43°46°25-462 .%152°321 | 


#176. EXPONENTIATION 
Summary of #176. 


The definition of exponentiation is framed on the analogy of the definition 
in cardinals, ὑ.6. we put 


PexpQ=ProdfP J3Q Df. 
" 


We put also, what is often a more convenient form, 
P&=8(PexpQ) Df. 

The relation P® has for its field (unless Q=A) the class of Cantor's 
“Belegungen,” ae. the class (ΟΡ 7 C“Q)a‘C*Q. It arranges these by a form 
of the principle of first differences, namely as follows: Suppose M and NV 
are two members of (C‘P f C"Q)a‘CQ, and suppose there is in C‘Q a term y 
for which the M-representative (M‘y) precedes the N-representative (N‘y), 
4.6. for which (M‘y) P (N‘y), and suppose further that all terms in C'Q which 
are earlier than y, 1.6. for which zQy.2+y, have their M-representative and 
their N-representative identical; in this case we say that M has to NW the 
relation P®, This may be stated as follows, provided we assume that P and ᾧ 
are series: Let M and Ν᾽ be two one-valued functions whose possible arguments 
are all the members of C‘Q, while their values are some or all of the members 
of ΟΡ. Then we say that M has to NV the relation P® if the first argument 
for which the two functions do not have the same value gives an earlier value 
to M than to VN. Thus for example let P be the ly α, Oe % α; 
SeFle€S αἱ, ἄς, Gs, Q,, Us, and let Ὁ be the series ᾿ς . © © eo->P 
δι, δὼ, bs, δ.. Then M and NW are to be such that 
M‘b or Ν is defined when, and only when, bis * °* δ΄. *%—>@ 
δι or δ or ὃ, or by, and the value of M‘ or N@ is  % Os δι 
αι Or @ Or as or a, Or a;. Then if Mf‘b,=a, and N‘b,+a,, M precedes N; if 
M‘b, = N‘b,=a,, and M‘b,=a,.N‘b,+a,, M precedes N; and so on. Thus 
in this case the first term of the series generated by P® is the one for which 
M‘b =a, when ὃ has any of the values b,, 5,, b,,5,. Thus the first term of 
the series is ta, f CQ, te. SBSP TC]. The next term will be 

Ufa, f (δι ὦ Ub, ὦ U8bs) ὦ Lay F ει, 
ie. “BP DQ wu 2p | BQ, 
The next is BP t DQ 3p] BQ, 
and soon. This makes it evident that our series has the structure required 
of a series which is to represent the Qth power of P. 


The two relations P exp Q and P® are ordinally similar, since καὶ is one-one 
when its field is limited to O'"(P exp Q). This follows from #116131, together 
with 

10. 2.. ΟΡ exp Q) =(C*P) exp (C*Q). 
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If $ is a correlator of P and P’, and 7 is a correlator of ᾧ and Ὁ’, then 


(5 Te and (8||7), with their converse domains limited, are respectively 
correlators of (P exp Q) with (P’ exp Q’) and of P® with P’®. This shows that 
the relation-number of (P exp Q) depends only upon those of P and Q, which 
is of course essential if (P exp Q) is to afford a definition of exponentiation, 

If the multiplicative axiom is assumed, then if # is a relation which is 
like Q, and whose field consists of relations which are like P, and Re Rel? excl, 
the product of R is like (PexpQ). That is,if we put »=Nr‘P.v»=NrQ, 
so that R consists of ν terms each of which has @ terms, the product of & has 
p” terms. This gives the connection of multiplication with exponentiation. 

There are two formal laws of exponentiation which hold for relation- 
numbers, namely 

P® x P? smor ΡΣ 
and (P2®)® smor P®*2, 
They both need a hypothesis: the first needs 
a!Q-qikh.CQnOCR=A, 

while the second needs RES 
because it is proved by means of the associative law (#17443). 

The first of the above formal laws can be generalized, by putting 249 in 
place of Q#R, and taking the product of the various powers 

PexpQ, PexpQ’...; 
where Ὁ, Q,...¢C*S, and the products are taken in the order determined by 
S. The resulting generalization is 
Se Rel excl. S GU. . {Prod“(P exp)S} smor {P exp (24S)}. 

The proof of this proposition results immediately from #17443 and 
#162°35. 

The proof of the second of the formal laws is more difficult. We observe, 
to begin with, that 

Pexp(R x Q)= Prod‘P ἡ 50 ἐ R. 
Assuming suitable hypotheses, this, by *162°35, 
= Prod‘2(P 4 yhQ i R, 


which is like Prod‘Prod3(P ὶ σῷ 12h, by #17443. 
". Le 
But (P exp Q) exp "ἢ = Prod‘{Prod‘P | +Q} | >R. 
5 "yy 


Thus our result will follow if we can prove 
{Prodk(P | )+3Q 472) smor smor {(Prod‘P | 50) 4 >R}. 
% Σ ΧὩ ΣΧ 
Now one member of the field of ῬγΟΦ (Ρ L PQ L iR will be 
Prod‘P 4 3Q | 2, where ze C‘R. 
ΣΝ 
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This is like Prod‘P | 90, because Q | zsmor Q. Hence Prod)(P 4 79 ὶ IR 
5} a) 1 " 
is a series of terms each of which is like Prod‘P | 0, and the whole series of 
% 


such terms is like R. If we assumed the multiplicative axiom, this would 
suffice to prove the result. But it is possible to obtain our result without 
assuming the multiplicative axiom. 


For this purpose, we proceed as follows, The correlator of 
Prod‘P ὶ ΟΣ, and Prod‘P | Ὁ 
is {|(Cnv‘ | 2}}ε, by *165°361 and 5172:3.. Call this M‘z. Then 
Mel—l:zeC'R.5,.(M‘z) e (Prod‘P 1°@ 2) smor (Prod‘P 172) : 
ζΖ, ΟἿ ΜΡ ΌΜ. 3, 4. z=. 
This, by the help of two or three lemmas, suffices to prove that 
{Prod3(P ὶ γῊῸ ὰ 12} smor smor {(Prod‘P 4 99) 4 Rh, 


whence the result follows. 


The principal propositions of the present number are the following: 
#1761, +.PexpQ=Prod‘P 4 3) = ΠΡ 1 
#17611. +. P®=3)(P exp Q) = ὥ Prod‘P 4 0 - 9» Ρ ἰ iQ 

These propositions merely embody the definitions, 
#17614. FigtQ.3.0PexpQ)=(C’Pyexp(CQ). C6 P28 =(CP F C*Q)a‘ CO 
#176151. §:: P=A.v.Q=A:=.PexpQ=A.=.P¢=A 


It will be observed that in relation-arithmetic, μ τε 0, whereas in cardinal 
arithmetic u°=1. The difference is due to the fact that there is no ordinal 
number 1 (cf. #153). 


#176181. +. P® smor (P exp Q) 
#*176:182. + .(Pexp Q)smor (ΠΡ ὶ "0) 
411619. be: S(P°%) 7.28, Te(OPt σρ ΟἿ :. 
(ay) zy eC*Q. (Sty) P( Ty) ty Qy «ν΄ Ἐν. Dy SY τ Ty’ 
#1762. +: US OCRePsmorR. Wh CSeQsmorS.>. 
(U} Wet CR exp 5) e(P exp Q)smor (2 exp 8) 
#17621. With the same hypothesis, (U|| Wt C*(R) correlates P® and BS 
#17622. +:PsmorR.QsmorS.>.(P exp Q) smor(RexpS). P® smor RS 
#17624. +:.Multax.23: 
fe Relexcl οι NrQ. CRCNr*P.D. TR smor (P exp Q) 


This proposition connects multiplication and exponentiation. 


-- - 
#17631. big !Q.2.B“Pexp Q) = (BP) exp (CQ) 
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Ἀ170.311.32.321. Similar propositions for B‘Cnv(P exp Q), BYP), B( Cuvée) 
#17634. F:q!Q. HE! BSP... 
BP exp Q) = (BP) | “CQ. B(P®) =(' BP) Tt CQ 
We come next to the formal laws. We have 
#17642. b:q!Q.q!R.CQnCR=A.>. P*x P¥ smor Pete, 
(P exp Q) x (P exp R) smor P exp (Q4.2) 
*176-44. +:SeRelexcl. SGJ. >. {Prod“(P exp))S} smor {P exp (=‘S8)} 
This is an extension of «176-42. 
#17657. -:RGJ.5.{(Pexp Q) exp R} smor {Pexp(R x Q)}. 


(ΡΘΕ smor Px@ 
*17601. PexpQ=Prod‘P]iQ Df 
5} 
ἈΙΤΟΌΖ. Ρὺ-- ὡῸΡ exp 0) Df 
*1761. +. PexpQ=ProdfP 1 3Q=DiII‘P ἡ [(*176-01)] 
% : 


*176-11. +. P8=s(PexpQ)=h Prod‘P { 19 =HsDsII‘P 4 > = [(*176°02)] 
*17612. Ἐπ: (Pexp θὺ)»ν «5 τι μιν 6(C*P) exp(O*Q):. 
(qy,2,2):alyep.a Lyev.cPa': 2Qy.zty.whtep.ruz-whzev 


Dem. 
F.#165-21:12 . #16312. 5+. FPP 4 “OomeCls 1. (1) 
[κ85:1...115.1.κ88:] Dt. D«FafP | CQ = Prod’C“P | “CQ 
¥ % 
[*165°12°14.(#116-01)] = (CP) exp (C*Q) (2) 


τ HITE #17311, “172 11. Κ16512., 9 
p(PexpQ)v.=::(qMU,N,y): -M,Ne FaiP LOC: 
γεσίῃ. MP Ly) (P Ly WP Ly): 
Qy ey... MP ΝΡ zip= Di .v=DIN:: 
[#81-15.(1).*150°6] = ἐς (GM, Ny). Μ Ne ΚΡ Yeo?” p= DM .v=DN: 


ye OQ. Mun LyOP)(LyiPyitun | y#OP) 
2Qy.zty.2z. (un LyOP)y =v n | CP): 
[(2)}.#150°55] = =: (qy) 1 ws, ve (CP) exp (OQ) «4 -yeOQr (qa, a’) i 
aly=t(pea by OP).@ bya=tun | y CP). oPa': 
Qy.zty.whbza=u(pn | OP). 
ιὐ' τειν α  2OP) Dow WEW τὲ 
[Κ116΄1175Ξ τ: (1}) 2: μι ve (CP) exp (CQ) :. 
(Πα, αὐισ γψεμια lyev.acPa': 
μεν. ὦὐλγεεμ. 3, ὁ τεν τις 2.Ὲ . Prop 
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The above proposition is used in #17619. It has the merit of giving 
a direct formula for Pexp@Q, instead of one which proceeds by way of 
TP 13@. 

ιν 
#17613. -Esqi(PexpQ).s.q!P?.=.q!NPJyoQ [#15025.*«176111} 
5“ 

Ἀ116181. Ε: 0 -ἰᾷλ. 5. Ρεχρθ-λ.Ρο- ἡ [κ1656241..178:2.. *150°42] 

Owing to this proposition, propositions stating analogies between ordinal 
and cardinal powers mostly require the hypothesis ἢ Ὸ or its equivalent, 
because an ordinal power whose index is zero is itself zero, whereas a cardinal 
power whose index is zero is 1. 
#176132. +: P= A.q!Q.D.PexpQ=A.Pe=A 

[165-244 . 417214 4176-13 . #15042] 


#176133. +. ΟΡ =8"C"(PexpQ) [#17611 . «150-22] 


#17614. biG !Q.3.0%(Pexp Q) = (CP) exp(0"Q).C*P? = (OP F OQ) 
Den. 
ΒΕ. #165243. 3¢:Hp.d.q!P ῳ. 


[x173-161.4#165-21] >. C*Prod*P | 3Q = ProdO“C'P | 3Q. 
ν 


[Κ1161..165:14] >. ΟὕΟ(Ρ exp Q) = Prod‘(C*P) ὶ “(CQ) 
[(#11601)] =(C*Pyexp(C@ α) 
F.(1).#176133.>+: Hp. >. C*Pe=s*((O"P) exp (0*Q)} 
[#11613] =(OPTOOOQ — (2) 
Ε.(1). (2). 3 Ὲ. Prop 

#17616. ΕἸ tP.qiQ.=.q!(PexpQ).=.q! P? 

Dem. 

F.#176131132. Dkiqi(PexpQ).o3.q!P.qiQ (1) 
Εν. #11618. #17614. Db: 7! P.gtQ. 9. q1C(PexpQ). 
[*33-24] >.q!(P exp Q) (2) 


Εν (1). (8). 116 18.2 Ε΄ Prop 
#176161. ΕἸ ΡπΑινι ρ π λιξιΡοχρρ-λ.ε.Ρος ἡ [1161] 


*176:16. |.C{PexpQ)C (CP) exp(C"Q).C*PPC (OP TCO)sC] 
[¥176-14°151] 

#17618. +. S[C(P exp Q) e(P®) smor (P exp Q) 

Dem. 
- #116131 .«17614.5 
ΣΤ. 9. ἐγ 06 Ὁ exp 0) (ΟΡ ai CP exp Q) (1) 
. (1). 176-11. #151191 .D 
ΣΤ. 3. ὁΓ OP exp Q) e(P%) smor (P exp Q) (2) 
~ #176151 . #15042 .%72-1.>D 
:Q=A.3.8[ C(P exp Q) e (P® smor (P exp Q) (3) 
-(2).(3). 34+. Prop 


τ᾿ τ' τ' τ᾿ τ' τ᾿ τ' 
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#176181, + . P® smor(P exp Q) [176-18] 
#176182. + .(P exp Q)smor(II‘P 1 5Q) [#1761 «#17316 . #165-21] 
5 


#17619. Ε:: S(P°) 7.23.8, ΤΕ (ΟΡΊ1 Ορ) ΟἿ :. 
Dem (ay) ye OQ. (Sy) P(PY) 9 Qy oY Fy Dy - Sy’ = Tey’ 
+. #1761112 .5 
ΕΟ ΡΟ ΤΟ Ξ ν. (ἀμ,ν} τὸ ve (C*P) exp (CQ). S=s np. T=8o3. 
(qy, ee )iyeCQialyepia γεν α΄: 
YQu-y Fy Why eu Dywe Wy evi. 
[*56'4] =:.(qu,v) τὸ μιν e(O'P) exp (CQ). 5' τ ἐμ. ΤΞ ἐν :, 
(ἀν, ὦ, αἰ)εψε CQ. aSy.a'Ty.aPa' sy Qy-y ty. w8y' -Dy,0.WTy! -. 
[*116°13.%80°3] :. S, 7 (OP F O1D)a‘CO s. (Gy) tye CQ. (Sy) P(T'y): 
Y Qy .y Fy Dy SY = Ty! D+. Prop 
The above proposition is often usefnl, since it gives a direct formula for 
P®, not one which passes by way of P exp Q or ΠΡ 4 "0. 


#1762, +: σ᾽) ΟἿ Psmor ἢ. WT CSeQsmorS.>. 


(U || W).[ CR exp 8) (P exp Q) smor (ἢ exp 8) 
Dem. 


+ #165362. >t: Hp.>.(U|| Wp CSR 138 e(P 13Q) SiaOr smOF (RL 38). 
[1183]. .(0] W ep OProd'R | 3S e (Prod‘P | 70) ὅπῆσε (Prod’R J 38) () 
Εν (1). «1761.4. Prop 


*17621. +: U%C’RePsmor R. Wh CSeQsmorS.d. 
(U|| W)P CRS) e (P®) amok (BS) 


Dem. 
+ "176-218. 151-401. Db: Hp. >.3(U || W)ef CRexp S) e (P®) sti0t( RS) 
[#150961] >.(U|| W)h sCCR exp S) e (P%) smor (5) (1) 


Εν (1). #176711 . #15022. 5+. Prop 
*176:22, +: PsmorR.QsmorS.2.(P exp Q)smor(Rexp S). P®smor R* 


(%176°2-21] 
*176:23. +: Rsmorsmor P 0 .2. I‘Rsmor ( exp Q) 
Dem. 
F.#17244. 5b: Hp. 2. IR smor ΠΕΡῚ "0 (1) 
Εν (1). #176182... Prop 


#17624. +:.Multax.3: 
Re Rel? excl n Nr‘Q.C’R C Nr‘P. 5. ΠΗ smor (P exp Q) 
[*165°38 . #176-23] 


R&W Il 29 
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41763. + .Cnv(P%) -- (ΡῈ 
Dem. 
+. *1l76-19.) 


bi: ΤΟ 5. 


28, ΤΕ (ΟΡ ΘΟ ΟΤΟ:, 


(9): Ψ ε6 0.1 2) P (Sy) ty Qy sy ty. dy ψ = TY: 
[*¥l176-19] =:.S(P%)7T::3F. Prop 


-- > 
#17631. b:!Q.>. BP exp Q) =(B‘P) exp (0:0) 


I 


Ε 10521 #16312. 471-221 .4931.3F. BP OP [3QeCls>1 (1) 

f .#1O512-01 48707 DE. ΒΡ L3Q=a (6). 2e0'Q.a= Bl dP} 

[#1 65°251 41 515.4383] = (BP) Lo" (2) 
[#172162 . 165-243. DF: q1Q. >. BP | 3Q= BaP 159. 
[#173-16.#165-21.#151°5] >. BYP exp Q)=D"Ba'CO'P 139 
[4S5-1.(L) #1151] = Prod*B“C*P ie 

[(2)] = Prod‘(B‘P) og 
[(#116-01)] = (BYP) exp (C*Q): DF. Prop 


- => 
#176311. bi: !Q.9. B‘Cav(P exp Q) =(B‘P) exp (CQ) 
[Proof as in *176°31] 
> - 
7082, bin 10.323. BP?) = (BP FT C@)sC'Q 
Dem. +. #176°31:18 #151529 
> - 
Ε:ΗΡ.39.8.(Ρ9)- ἐκ (8) exp (C‘Q) 
[*116°13} = (BSP F CQ)a6C1Q: DE. Prop 
- vy 
4176321. b:q!Q.>.BCuv(P% = (BP 4 ΘΟ) ΚΟ. [176323] 
417633. f:.q!Q.Diq!B(PexpQ).=.q!B(P%).=.q! BP: 
—> => -ν 
mi BCnv(PexpQ).=.q! BCnv(P*%).=.q! BP 
[#176-31:311-32:321 . #1161815] 
417634. bq! Q.E!BP.D. 
BP exp Q) = (BP) | “OQ. B(P%) = (UU BP) F OQ 
Dem. +.#17631.>h:Hp. >. BP exp 0) = (i'B‘P) exp (CQ) 
[(#11601)] = Prod(uBtP) | “OQ 
[¥38'3.453°31] = Prod‘u(B‘P) | “OQ 
[4115-143] =1(BP)}"OQ} (2) 
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+. *17632.5+:Hp.d BA P%) = (BSP F C*Q)a°CQ 
[4*116°12.451°4] =1'{(i BSP) F C*Q} (2) 
F.(1).(2). 54. Prop 
4176341. b:q!Q.EIBP.D. 
B‘Cav(P exp Q)=(B‘P) | “OQ. B'Cnv(P%) = (BP) F.0Q 
[Proof as in *«176'34} 
#17635. +: PGQ.D.P? GQ? 
Dem. 
b.#l1612.5+: Hp.d.(CPTCR)SORC (COTO ΟΕ (1) 
Εν (1). #17619. DF. Prop 
The above proposition is used in the theory of finite ordinals (6261 64). 
The following propositions are concerned in proving (with a suitable 
hypothesis) 
P® x P¥smor Pet? 
and its extension 
{Prod‘(P exp)? S} smor {P exp(2‘8)}. 
#1764 biqiQ.q@!ikR.PCQnPhCR=aA.CQVCRCOIP.D, 
8|CT σ (1450) x (IL PRY} ¢ {ISPs (QR) smor {(II‘P> Q) x (II P3R)} 
Dem. 
Ἐν #17234. #1502224. D+: Hp.d. 
8|CT C{(TI* PQ) x (1S P3 R)} e {1 PQ 3 Pi R)} smor {ΠΡ x (IP? R)} 6 
Εν *162°36.D4:Hp.d. PQ*PR=Pi(QLR) (2) 
t.(1).(2). 9+. Prop 
#17641. Fig iQ.qi kh. PCQnPCR=A .CQOVUCRCAIP.DS. 
II‘ Ps (Q4 BR) smor (ISP) Q) x (ΠΡ Ε) [1104] 
#17642, bigi@.q!ikR.OCQnCR=A.D,. Pex P¥smorP ἐς 
(P exp Q) x (P exp R)smor Pexp (QR) 


Dem. 
ἔν 79.411. #16522. 
ΓΕ ΡΟ Δ ΟΒ Ἐλι5.Ὶ Ο ΡῚ ΚΟ ΕΚ ΞΔ (1) 

% Σ 
Pi 

Εν. (1). #17641 > . *38'12 . *33°431. Ὁ 
br:Hp.g!P.d. ΠΡῚ >(QFR)smor (IP | 5Q) x (ISP | 3k). 
[*176'182.*166°23] >. P exp(Q4 R) smor(P exp Q) x (Pexp 2). (2) 
[*176-°181.4166'23] D>. P°#® smor P? x ΡῈ (3) 
bt. 4176151 . #166°13 . #153101 .D 
Fk: P=A.3.Pexp(Q#R)smor(P exp Q) x (Pexp ἢ). 


PF smor P®? x P? (4) 
+. (2).(3). (4). DF. Prop 
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#17643. +:SeRePexcl SGJ.9. 
sf O*Prod(P exp) Se {P exp (=‘8)} smor Prod“(P exp)iS 


Dem. 

L . #16522 . #1633. DtrHp.g!P.>.(P)pSeRePexcl () 
#16235 #3812. 433-431. +. 2(P | HS=P L5Ers (2) 
Ε. #16521 . (2). Db. EP | Se Rel? exel (3) 
Ε-(1).(8). #1743. Dh:Hp.g!P.>.(PL)pSeRelarithm (4) 
Εν #165223 . Transp. Dh Hp.qiP.I:Q$R.D.PLiQtPLiRe 
[*150-4.%7 2°14] >: (ΟΡ δου (5) 
b.xl761. D+. Prod‘(P exp)} S = Prod‘Prod}(P L 5 (Ὁ 
Εν. (4). (6). (6). κ17448.9 

Ε:ΗΡ.ἢ1},5. 


sf O'Prod((P exp)S ¢ {Prod‘2“(P | )43S} smor {Prod(P 6Χρ}} 5}. 
[Ὁ]  D.sfC*Prod‘(P exp)) Se {Prod‘P t 35S} smor {Prod(P exp)} 5} . 


[¥176-1] >.s[C(P exp) Se [P exp (‘S)} smor {Prod“(P exp) 8} (7) 
b.*176°151 . 4173-21 .#172:13:14.5 
bk: P=A.)>. Prod(PexppS=A. Pexp(3‘S)=A (8) 


F.(7).(8).#173'2 . #16432. D+. Prop 


#17644. +:SeReltexcl. SGJ.5.{Prod(P exp) 5} smor {P exp (2‘8)} 
[176-43] 


The following propositions are Jemmas for 
REJ.D.(P*%) smor P2*®, 


#1765. Ε: MP CRel31.CRCOAIM.CQOC PAM CR. 
MOCORC191:2,2 6CR.g! DMen DMS? 13,722: 
Τ-- {(πιτ|,2). με ΟΠ". ΖΕ ΟΕ απ Μώγαι. ἃ =ul (MM): 


>.Tel— ol 
Dem. 


t.#2133.5D:.Hp.d:a7TX .eTX.D. 
(qu,w,z,2).uuweCQ.2,2 OR. c=(M*z)u. a = (Mo). 
ἄπει. (Miz). χει | (1.2. 
[κὅδ.202] 3. (quw',z,7).0=(M%2)u. α΄ τ (Μεγ us’. Me = Me’. 
[13°22] Daa! ) 
Ε. 21.98.5} - Ηρ. 9: ΤᾺ. Τ1Χ’.5. 
(qu,w,z,2).uueCQ.z,2¢OR. κα ώσγι τε (4 2)’. 
A =ul (M2). X' =u | (Ms). 
*33'43.Hp]D.(qu,w,2,2').uw eO*Q.zeORiz=7 a= Μώγω πε (Μ' 5). 
A =ul (Miz). Χ' =u | (Me). 
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{¥13-:195] 3.(quw,z).u,u'eOQ.zeCR.c=(M'z)u= (Me), 

X=ul (Mz). X'=w' | (Ms). 
{*7159,.Hp]>.(qu,w’,z).u=u'.X τ οἰ (Me). X’=w ἡ (MM). 
[#13195] 2. =X’ (2) 
Ε. (1). (2). DE. Prop 


#176501. Ε: Ηρ #1765.>.0°T=O'S'Q | IMR 
3 


Dem. 
b.a7116. 563. Hp. dizeOR.ueCQ. 2. El (Mz)u. 
[#21°33] 9. (Mz) AT (1) 
bt. 2133.5 
bk: Hp.d:XeO'7.3.(qz,u).zeOR-ueOQ. X =u (Mz) (2) 


b.(1).(2),. 96: Hp. Dd: Xe AT.=. (ἢ, Ὁ. zeOR ueCQ. X=ul (Me). 


[R714] =.(qZ,u).Ze MCR ueCQO.X =ulZ. 
[*150°22} =.(qZ,u) ZeCOMRiueOQ. ει. 2. 
[*165°16.%113°102} =,Xe ΟΣ: MOR: D+. Prop 
#176502. Ε: Hp#1765.2e€CR.D.T3Q | Miz =tQ M2 
ιν 
Dem. 


ξ. κ1δ0"4. 1661. #1765 . > 
Ε:ΗΡ.9. 7900 4 ‘Mz = 29 {(nqu,v). uQv.v=T* | (Mizu. y=T* Y (M*2)'0} 


[ Hp.#*176'5°501 | = 29 \(qu,v).uQu.a=(Me)fu. y =(M‘2)*0} 
[*150°4] = (M*‘z)3Q 
[#1501] = TQ‘ Mz: 3+. Prop 


*176:503. +: Hp*1765.3. 7 ¢(+Q> MR) smor smor (Q) »Μ' ΕῚ 
Dem. 
+. #176502 .*150135.5+:Hp.3. ΤῸ QPIR =+QMR (1) 
b.(1).*176°5°501 . #1641.35¢. Prop 


#17651. bi. MP C'Relw1.M“ORCIL 1. 
CRCUM.CQOCpa*MKCR: 
2,2 ΘΟ . qi DMen DM? .3,7.25223.4Q MR smor smor QL Ὲ 
Deém. ; 
+. #165°361.5+:Hp.>.Q 1. ΡῈ smor smor Q oR (1) 
b.(1).#176°503 . #164221 . D5. Prop 
#17652. :.2e€O'R.D,. Mize (P'z)smor 9:2. PR=tOMR 
Dem. — 
F.#15111.3+:.Hp.d:zeC*R.D,. Pie =(MizyQ 
[4150-1] =+QM'z (1) 
Εν. (1). #15035. 9 Ε. Prop 
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#17653. Ε:. MP C'Rel—w1:2eC'R.D,. M‘z e(P*z) smor Q: 
2,2eC*R. Gi OPizn CPt?’ .o,7.2=2:9.PiRsmorsmorQ lik 
"9 
Dem. 


Fiel421. DF: Hp. DizeC'R.D,. EI M*z: (1) 
[*33°43 ] 2:CRCAUM (2) 
F.#l5l1l. OF: Hp. DizeC'R.D,. Mizell: 

{*37°61.(1)] I:MCRC1O91 (3) 
F.#151111381.5+:. Hp. dizeC'R.3,. ΘΠ =C'P%z: 

[Hp] 2:2,26C'R.g! D'M2n DIM .3,,.2=7 (4) 
Fe#l5111, Dki.Hp.dizeCR. 9.0 Me =CQ: 

[*37°63 | I:ZeMCR.D.UZ=C?: 

[*40°15] I: OO C pA MCR (5) 


Ε. (2). (8). (4). (5). #17651. 5+: Hp. >. ΤΟΣ ΜΈΝ smor smor Q 4 iR (6) 
Ε, (6). #17652. 235. Prop 


#17654. Ετο ΠΡ το. Μ-- 22 [2eO'R. Z={|(Cnv‘ | z)}ef C(PexpQ)]. 2: 
Με] - ΔΉ ΟΕ. 2.2. M'ze(Prod‘P | 3Q | 2) smor (Prod‘P | "0) 
Dem. 

Εν #116606. «17614. +:Hp.>d.Mel 1 (1) 
b .*21°'33.%30°3. Ε: Hp.zeO'R. Dd. Miz ={|(Cnv' | z)}ePOC(PexpQ) (2) 

F.*151°65 .* 165361 . 1661. Κ]6601. 9 
Εν {[(Cav! J 2} PO x Pye(P 1 3Q | ἡ) smor smor (P 1 3Q). 

[(2).#173°3] Dk: Hp.zeO*R.D. 

M‘ze¢(Prod‘P 4 0 4 z)smor (Prod‘P 4 3M) (3) 


F.(1).(3). DF. Prop 

#176541. + .(P ἡ, PQ ὶ "ἘΚ ε Rel’ αὐἱῦδια.. ΣΡ ὶ PQ 4 ikR=P ὶ ΣῈ 
Dem. 

F. #1633. #1652122. Db: qt P.>.(P J PQ 4 iB ε Rel? excl (1) 


Ρ. #165242. Db:P=A.qIS.qiS’.>.PIiS=AJA.PIISs’=ALA:* 
"3 "2 
[Transp] Ξ2ὈἘΕ: }ελ.Ρ..5ῈΡ. 5.9: ὅπξλιν. δπ ΛΑ: 
ay "9 


[#165-241] 2:PljS=A.v.Plis‘=A: 
“3 55 
[88.241] 9: ΟΡ υ5 Δ OP LIS’=A (2) 
854 5ᾳ 


F.*150221.5b:.P=A.)D: 
PMc CP LQ Ε.ΤΈΤ'.5. 

(812,27). 5: 7.5,’ «ΟἹ ὦ} T=(PL yg. περι βῳχέ. 
[(2}]} 2.CTACT =A (3) 
(1). (8). #1631.3+.(P YQ] Re Rel excl (4 
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b.*162°35.D+. =P 1 )8Q LiR= P 1 32‘Q Lik. (5) 
[#16521] IE.S(PY HQ {3R¢ Rel? exel (6) 


Ε. (4). (5). (6).#174:3. Db. Prop 
#17655. Fig it P.qiQ.2. Prodi(P | )t}Q | }Asmor sinor (Prod*P 13Q)1L5R 
5) “2 "2 5 
Dem. 
F .*176°133°15 . #37°44-21.5 
hig tO*Prod’P 13Q [zn O'Prod‘P 13Q | w. >. 
ΝΣ 4 YY 
ml OPQken OPI Tl Q)z. 
"3 
[¥176-16.48014.¥165212]>.(qR).UR= OQ 2. CR= ODL wi! Q. 
¥, : 


[*13°171.*150-22] Dd.) OQ = w'OQ. ήτο. 

[#55232] J.z=w (1) 
Prod§P J3Q] 2, ProdfP | °Q 

Ε. (1). 1 7664. #17653 - Piz 2 , 2. D+. Prop 


#17656. FiqgiP.qiQ.RGJ.5. 
Ἐν ΣΡ )t3Q | +R smor Prod(Prod‘P | 5Q) J >R 
"5 75 “2 22 


Dem. 
b. #165223. Fi giP.PLsQlz=PLeQh7.d:Q]z=Q]z: 
[165-22] D:q!Q.d.2=2' (1) 
F.(1). Transp. hi.Hp.2h2’.9.PLiQ ze P 1} 9} (2) 
b.(2). #1504. Dk: Hp.d.(PL PQ LIRET (3) 
2 52 
Ε.(9). 1]176541. #17443. 
tk: Hp. >. Prod*2(P | )tQ L 3R smor Prod‘Prodi(P | )+3Q ἰ iR (4) 
ΝΣ : δ Σ 
b.#176°55 «#17331. 5 
+: Hp.>. Prod‘Prod3(P Lore 4 3 smor Prod‘(ProdéP 4 30) ὶ Κ (5) 
Ε. (4). (δ).2Ε. Prop 


#17657. +:RGJ.3.{(PexpQ)exp R}smor(P exp(R x Q)} . (P*)® smor P?*? 
Dem. 

Εν ἈΙ76151. D+: P=A.v.Q=A:3.(PexpQexpR=A (α) 
b.¥*176-151.*#16613.3h: P=A.v.Q=A:3.Pexp(RxQ)=A (2) 
Ε. (4). (8). #153101. DF:.P=A.v.Q=A:D. 

[( exp Q) exp R} smor {Pexp(R x Q)} (3) 
F.#176:565411.*1661 DF: qi P.qiQ.RGJ.3. 

{(P exp Q) exp R} smor {Pexp(&R x Q)} (4) 


F.(8).(4). DF: Hp.). {(Pexp Q) exp R} smor {Pexp(R x Q)} (5) 
[*176°181°22] >. (ΡΟ ἔρον PP*? (6) 
Ε-. (δ). (6). 3 . Prop 


This completes the proof of the second formal law of exponentiation. 


*177. PROPOSITIONS CONNECTING P,, WITH 
PRODUCTS AND POWERS 


Summary of *177. 
The principal proposition on this subject is 


#17713. bia+y.3.Pasmor ((ὦ | ψ)}} 
which is the analogue of *116°72, or rather leads to the analogue of *116°72 
as soon as powers of relation-nuimbers have been defined; for then it becomes 


Pape 25", 


Another proposition is an extension of 5171 69, namely 
#17722, bk: PeRelexcl. PGJ.>. Prod‘dfiP smor(3*P)a 


where we put df*Q = Qa. 
The remaining propositions of this number are lemmas for the above two, 
*177°:13 shows, for example, that all classes of finite integers can be 
arranged in ἃ series of which the relation-number is 2,”, where ὦ is the 
relation-number of the series of finite integers. 2,» is not the relation-number 


of the continuum, but is closely allied to it. 


Ἂς «-- 
kiaty.T=Gh[Re ((faeuety)fajsfa.p=Re].d. 
Te (Cl‘a) 5m {(t'e v tty) Falafa = [4#116°712°713°714] 


#1771. 
In the propositions of #116 referred to, A and V appear in place of « and 

y, but no property of A and V is used in the proof except A + V. 

kK: Hpxel77l.a=CP.3.Ti(a@ ly) =Pa 


#17711. 
Dem. 
F. #17619.) 
Fi. Hp. disp {Poel yi v.e: (gh, 8): BSe fe vey) TOP CP: 
(qz):zeC°P. Riz(a@ ly) S%: 
ς- «- 
φνε. ξἘ4. ϑ.. Rw=Swip=ho.v=Se:. 
«- <— 
‘2. p= Sai. 


+. (GR, 8S): BS (fav μι) FCP ACP: 
Da 
=.ySw:. 


(qz)i.2eCP Re=a.Sze=yrnp=h 
wPz.w2.d,icRkw.=.eSwiyRw. 


[#55°13] 
[*71°36] Ξ :. (1,5): 1, δ {(eleuc'y) tC Pi sOP:. 
(qe) ceO'P.cep—vi pa Re v=Ser 
wWPz.wtz. DyiWepe=.wevis 
[el77-1] =:.u,veClC'P:.(qz).2eC*P.zeu—v:. 
wPz.wtz.IJ~piwep.=.wevi. 


[417111] = τὸ w( Pa) vis. D+. Prop 
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#17712. +: AHp*l77-11.3.7e¢ Py smor (fa) y)?} [#177111 . 151-191} 
#17713. Fia+y.2.Pasmor ((ὦ | y)"} [#17712] 
#1772. αἴξ. Dft [177] 
#17721. |: Pe Rel?excl. PEJ.3.sfC*Prod‘df*P e(2‘P)4, smor (Prod ‘df P) 

The proof proceeds as the proof of #17424 proceeds. If QeC*P, we shall 
have, if Me F4‘df“C*P, 

M‘Qar = (s'D‘M1) n C*Q. 
Hence we easily obtain 
M(lafP)N.=.M, Ne Fadi @C'P . (sD) (2°P) x, (6.7), 
whence 
pe (Prod‘dfiP)v. =. μιν Prods‘Cl“C"O"P . (6 μ) (2° P)y (stv), 

whence the result follows easily. 
#17722, b:PeRelexcl. PG J.D. Prod‘dfiP smor(S*P)ay [177-21] _ 


SECTION D 
ARITHMETIC OF RELATION-NUMBERS 


Summary of Section D. 


In the present section, we shall be concerned with the arithmetical 
operations on relation-numbers. Their purely logical properties have been 
dealt with in Section A; in the present section, it is their arithmetical 
properties that are to be established. These properties result immediately 
from the arithmetical properties of relations which have been established 
in Sections B and C. The subjects treated of in the present section are 
analogous to those treated of in Section B of Part ITI, with the exception 
of such as have already had their analogues discussed in Sections B and C 
of Part IV. The analogy is sufficiently close to render it often unnecessary 
to give proofs, since these are often step by step analogous to the proofs of 
corresponding propositions in Part III, Section B. 


The two chief requisites in defining the arithmetical operations with 
relation-numbers are (1) to take due account of types, (2) to construct 
what may be called separated relations, 1.6. relations of mutually exclusive 
relations derived from and ordinally similar to given relations. Each of these 
points calls for some preliminary explanations. 


The sum of two relation-numbers μι v will be denoted by “μόν, in 
order to distinguish this kind of addition from μ-Ἐν (the arithmetical 
addition of classes) and 4+,» (the addition of cardinals). In defining w+», 
we have to take account of the following considerations, 


Suppose P and Q are two relations which are of the same type, and have 
mutually exclusive fields. Then obviously we shall want to frame our 
definition of the sum of two relation-numbers in such a way that the sum 
of Nr*P and Nr‘Q shall be Nr(P4Q). But if P and Ὁ are not of the same 
type, P#@ is meaningless; and if ΟἿ and C*Q overlap, PQ may be too 
small to have as its relation-number the sum of the relation-numbers of P 
and @. Both these difficulties can be met by observing that, if Nr‘P = Nr‘R 
and Nr‘ = Nr‘S, we must make such definitions as to have 


NréP + Nr‘Q = Nr‘ R+4 Nr‘. 


Hence, in defining the sum of the relation-numbers of P and Q, we may 
replace P and 0 by any two relations R and S which are respectively like 
P and @. Therefore what we require for our definition is to find two 
relations R and S which (1) are respectively like P and Q, (2) are of the 
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same type, (3) have mutually exclusive fields. All these three requisites are 
satisfied if we put 
R=)(AnCQVGP.S=(AnCP) | 509. 
We then define P+Q as meaning R4S, and we define the sum of the 
relation-numbers of P and Q as the relation-number of P + Q. This procedure 
is exactly analogous to that of #110; in fact, we have 
C(P+Q)=C8P + CD. 

In defining the sum of the relation-numbers of a field, we do not have 
to consider types, because the members of a field are necessarily all of the 
same type. But we do have to consider the question of overlapping. If a 
term « occurs both in C‘Q and in C*R, where Q, Re C'P, we want a method 
of counting # twice over in forming the arithmetical sum. Thus Nr*S‘P 
cannot be taken as the sum of the relation-numbers of members of C'P, 
unless P ε Rel’excl. Suppose, for instance, we have three series 


(a, ὃ, 0), (ὃ, ο, a), (ὁ, a, δ). 
These each have three terms; and we want the sum of their relation-numbers 
to be the relation-number of a series of nine terms. But if we put 


Q=albl)c(wherea]b Jc is written foralbualcudbc), 


R=bJlcla, 

S=clalb, 
and if we further put 

P=Q)RLS, 


so that P places the above three series in the above order, we have 
Σ“Ρε(ι(αν tb ec) f(a tb wu (60), 

which is not a series, and does not have the relation-number which we require 

as the sum of the relation-numbers of Q, R, S. 


What is wanted is a method of distinguishing the various occurrences 
of α and 6 and c. For this reason, when a@ occurs as a member of the field 
of Q, we replace it by a | Q@; when as a member of the field of R, by a | RB; 
and when as a member of the field of 8, by a | S. Thus the series (a, ὑ, ὁ) 
is replaced by (a { Q,6 1 Q, cl Q); (6, ¢, a) is replaced by (4 Ric) Ral 1); 
and (c, a, ὃ) is replaced by (οὗ 8, a | 8, δ. 8). The sum of these three series 
then has the relation-number which is required as the sum of the relation- 
numbers of Ὁ, #, 8. 


The above process is symbolized as follows. The generating relation of 


the series (a 1 Ὁ, δ Ὁ, cl Q) is | QQ; thus the three relations whose sum 
is to be taken are | Ὁ, | IR, | S'S, we. using the notation of *182, 


according to which we put ?‘#=.2 94a, our three relations are | "Ὁ, 1‘, f ‘8. 
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But the generating relation of the series (| Ὁ, |‘R, | ‘S) is | >P, since 
"y 4 “ “ 


P=(Q)/ ARS). Thus 1:Ρ is the relation required for defining the sum of 
"3 


the relation-numbers of members of the field of P; 1.6. we put 


SNrYP=Nrs‘ [iP De 
"3 
We will call 19:Ρ the separated relation corresponding to P. |3P is con- 
55 a 


structed, as above, by replacing every member «x of CQ, where QeO*R, by 
a|Q; so that if « belongs both to C‘Q and to C*R, it is duplicated by 
being transformed once into « |, Q, and once again into x | R. 


For the treatment of products, we do not require | +P, because ΠᾺΡ has 
"3 
been so defined as to effect the requisite separation. We might, however, 
by the use of |5P, have dispensed with ΠᾺΡ as a fundamental notion, and 
"3 


contented ourselves with Prod‘P; for we have 


ΠΕΡ = Prodé 1}. 
“ 
Thus we might have taken Prod as the fundamental notion, and defined II 
by means of it. 


The addition of unity to a relation-number has to be treated separately 
from the addition of two relation-numbers, for the same reasons which 
necessitate the treatment of P+ and «<¢ P separately from P#Q. There 
is no ordinal number 1, but we can define the addition of one to a relation- 
number. If NrfP=y and e~eC*P, we must have 

Nr(P +2)=n+1, 
where we write “1” for unity as an addendum. We do not write “1,,” 
because we shall, at a later stage, give a general definition of μη», in virtue 
of which, if y» is an inductive cardinal, yz, will be the corresponding ordinal. 
This definition entails 1,= A, and therefore we use a different symbol “i” 
for 1 as addendum. The symbol i is only defined in its uses, and has no 
significance except in a use which has been specially defined. 


We define the product μὰν as the relation-number of PxQ, when 
w=NirfP and v=N,r'Q. The product so defined obeys the associative 
law, and obeys the distributive law in the form 

(uta) Xp=(UXp)t+ (aX p) 
but aot, in general, in the form 

eX (vt oa) =(MXv4+(UXx @). 
The latter form holds when μ, ν, @ are finite ordinals, as we shall prove at a 
later stage (*262). The commutative law also does not hold in general for ordinal 
addition and multiplication, but holds where finite ordinals are concerned. 
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The product of the numbers of the members of C‘P, in the order gene- 
rated by P, is defined as being Nr‘II‘P, and is denoted by ITNr*P. Τὸ will 
be seen that IINr‘P is not a function of C‘P, since the value of a product 
depends upon the order of the factors; it is also not a function of NriP, 
unless no two members of O‘P have the same relation-number. The pro- 
perties of I[Nr‘P result from *172 and *174. 


“uw to the vth power” is denoted by “wexp,v” and is defined as the 
relation-number of PexpQ, where w= N,r‘P and v=N,r‘Q. Its properties 
result from the propositions of #176 and *177. 


4180. THE SUM OF TWO RELATION-NUMBERS 


Summary of *180. 

In order to define the sum of two relation-numbers, we proceed (as in 
#110) to construct a relation whose relation-number shall be the required sum. 
For this purpose, we put 

P+Q={[L(AnCQisP} AA nCP) | i5Q} Dé. 
This definition has the following merits: (1) whatever may be the types of P 
and Q, «(Δ ΟΊ ΟΡ is of the same type as (AnC*P)] "0; (2) however the 
fields of P and Q may overlap, and even if P= Q, the fields of | (AnC‘Q)iu3}P 
and (AnC*P)130Q are mutually exclusive; (3) these two relations are 
respectively similar to P and Q. Hence it is evident that, without placing 
any restriction upon P and Q, we may take the relation-number of P+ Q as 
defining the sum of the relation-numbers of P and Ὁ. Hence we put 

wtv=R(qP,Q).p=NrP.v=NeQ.Rsmor(P+Q)} De 

From this definition it follows that 4+» is null unless « and ν are homo- 
geneous relation-numbers, but that if they are the homogeneous relation- 
numbers of P and Q, then «+» is the relation-number of P + Ὁ. 

In order to be able to deal with typically ambiguous relation-numbers, 
we put, as in *110, 

NrPiv=NoxrtP+yv Df 
pt+NrfQ=yniNorfQ Df. 

The principal propositions of the present number are 
#180111. + .C°(P+Q)=C'P+0Q 
#1803. &.Nr‘P+Nr'Q=Nor‘'P+iNr'Q =Nr'P+N,rQ 

=NyrfP+Nor'Q=Nr(P+Q) 
#18031. &:PsmorR.QsmorS.>.NréP+Nr‘Q = Nr'R+Nr‘S 

This proposition is essential, since otherwise Nr‘P4+Nr‘Q would not 
be a function of Nr‘P and Nr‘Q, but would depend upon the particular 
P and Q. 

*18032. +: C°'PaCQ=A.).Nr'P4+Nr'Q=Nr(P#Q) 
*1804. Fiqtivtv.d.uveNR—t'A.pjve NR 
*180-42. F.intveNR 

*18056. |. (utvito=pi(v+ a) 

which is the associative law. 


*180°61. +. Nr*P+0,=Nr'P=0,+Nr‘P 
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#18071. Ετμινε ΝᾺ.9. Οὐ dr) =O" +,0% 


This proposition gives the connection of ordinal and cardinal addition. 
It should be observed that, in virtue of #1549, Cy and Cy are cardinals 
when » and ν are relation-numbers. 


¥18001. P+Q={L (An OQ)GP} F(A n OP) 1569} Df 
#18002, piv=R(qP,Q).p=Nr'P.v=Ner'Q. Rsmor(P+Q)} Df 
*18003. Nr‘Piv=Nyr'P+vp Df 
#180031. ᾿Ξ ΝΟ τ μεν Df 

On the purpose of the definitions *180°03°031, see the remarks on the 
corresponding definitions in *110 and II T of the Prefatory Statement. 
*1801. F.P4+Q={](AnCQ)UPI F(A n 045). 00) [(*180°01)] 
#180101. F.C’ (An ΟΡ L(AnCQ)UCP. 

CUA NCP) 1 30Q=(A n CP) | "τῷ [*150°22] 

#18011. F.C (ANOQ)UPAC (ANC) L230Q=A [#180101 . #11011] 
#180111. F.C(P+Q)=C'P +0] 


Dem. 
F.*180°101 . *160°14.)5 


Ε. Ο(Ρ- ρ)᾽ ΞΥ (An CQ) PR νυ (An OfP) | ier 

[0611001}} =C°P+CQ.9F5. Prop 
*18012. +. lL (AnCQpuPsmorP.(AnC'P) |20QsmorQ [*151°61°64-65] 
¥18013. F:RsmorP.SsmorQ.C°RACS=A.3.RfSsmorP+Q 

Dem. 
F. 4180'12 -JF:Hp.d. Rsmor |) (A ὰ ΟΡ. Ssmor(AnCP)]35Q (1) 
Εν (1). #1 80-11 . «160-48. > 
Fk: Hp.3.RASsmor{ | (An CQUPR(A an CP) | 5Q}. 

[(*180°01)] >. RASsmor(P + Q): d+. Prop 
¥18014. F:OfPanCQ=A.3.PHQsmorP+Q [*18013.*151:13] 
*18015. +:RsmorP.SsmorQ.3.R+4SsmorP+Q 


Dem. 
t.#180:12.3F:Hp.3.) (An ΟΕ smor P.(An CR) | 3uUS8smorQ. 
[*180-13] D.{[LAnCS)oRE(A nC R) | 38} smorP+Q-. 
[(*180°01)] >.R+SsmorP+Q:59F. Prop 


#180151. b:.CSPnCQ=A.93:Zsmor(P#Q).=. 


(1,5). RsmorP.SsmorQ.CRaCS=A.7Z= RAS 
Dem. 


+.#19048.35:.Hp.3:(qh,S).RsmorP.SsmorQ.C‘'RACS=A. 
4=R48.3.Zsmor(P#Q) (1) 
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. *160°44. D+: LeZsmor(PLQ).9.2=TIPLTQ (2) 
#16014. 415111.5+:2e Zsmor (P£Q).2.CPCAT.CQCAT (3) 
.(3).#151-21. DE: Te Zsmor(P#Q).D.T>PsmorP.7QsmorQ (4) 
. 72.411. #15022, 5Db: Hp.o: 
Te Zsmor (P$Q).3.C1TIP nCTIQ=A (δ) 
Ε. (2). (4). (ὅ).9Ὲ τ. Hp. 3: 2eZsmor(P#Q).9. 
T3Psmor P.13QsmorQ.COD}PaCTiQ=A.Z= ΤΥ ΡΞ Ί50: 
[*151:12] 2: Zsmor(P#Q).9. 
(qk, 8). RsmorP.SsmorQ.CRaCS=A.Z=RFAS (6) 
F.(1).(6). 5. Prop 
*180°152. Ε: Zsmor(P+Q).=. 
(1, 8). RsmorP.SsmorQ.C1RanACS=A.Z=R4S 
[*180-151°11°12] 
#18016. +. Nr(P+Q)= 
Z(qR, 8). ReNv'P.SeNr'Q.CRaCS=A.Z=RAS} 
[*180°152 . *152-11] 
#1802. +:Zepdv.=.(qP, Q)-n=NortP.v=Nor'Q. Zsmor(P + Q) 
[(*180°02)] 
#180201. b:.Zeptv.=:p,veN,R:(qP, Q).Peuw.Qev.Zsmor(P+Q) 
[*155°27 .*180°2] 


#*180'202. Ε .Zep4+v.=! 
qivegivi(qbP,Q).p=Nr'P.v=Nr'Q.Zsmor(P + Q) 


τ τ TS 


Dem. 
b 1553422 . #180°201 .3 
ki.Zeptv.=i:qin.qtyv-pveNR:(qP,Q). Pep. Qev.Zsmor(P+Q): 
[*152-44J=:qtu.qiv.p,veNRi(qP, Q).u=NréP.v=Nr‘Q.Zsmor(P+Q): 
[*l5241J=: qty. qiv:(qP,Q).p=Nr'P.v=Nr'Q. Zsmor(P + Q):. 

I. Prop 

In the following propositions proofs are omitted, since they are exactly 
analogous to proofs of propositions in 4110 whose numbers have the same 
decimal part. 


#18021. ΕἸ μιν ΝΒ. ϑ: Ζεμόν. 


*180-211. Fi.u,veNR.O:Zeptr. 
(qRk,S).Resmor pz. Sesmor'y. CRaACSH=A.Z=RFES 


#180-212. Fs. un,veNR.3:Zeptv.=. 
(qk). Resmor“p.REZ.Z0(—CtR) esmor*y 


#18022. +. Nori P4+Nor'Q= Nr“(P + Q) 


.(qP,Q).Pen.Qev.Zsmor(P + Q) 
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*180'24. +: RsmorP.SsmorQ. 9. Nr Ri NrS = Nox P+Nr'Q 
[%180°15-22] 
#1803. +.Nr‘P+Nr‘Q= Nir P+ Νε = Nr'P+Nor'Q 
=Nor'P+Nor'Q=Nr(P+Q) [#18022 . («180°03-031)] 


*180:31. +: PsmorR.Qsmor 8.3. NréP+Nr‘Q = ΝΕ ἜΝΘ 
#18032. F:C°SPanCQ=A.3.Nr°P+NrQ=Nr(P4Q) [*180-143] 
1804. Fiqipdv. dD. pveNR—sA.pveN,R 
*180-42. F.untiveNR 
#18043. Fiyvtu=Nye'Z.=.Zeuty 
*180°53. |.(P+Q)+ Rsmor P+(Q+ RB) 

Dem. 


Εν #160°44. (#18001) . 9 
Fr P=lL(AnOR)O [An σ᾿}, ρ΄ Ξ (An OR)3(A a CP) 1 505Q. 
R= {An C(P+Q) LORD. PEY=[ (An ΘΕ ΡῈ ο). (A) 


[(#180-01)] 2 (ΡΟ ἘΝ ΞΡ ἘΔ. 
[κ16031] 5. PF(QVER)=(P+Q)4+R (2) 
Ε .(1) .x1s011= ἘΦ ‘ .*«16014.9:Hp(1).>. 

OP aCR=A.0QnCR=A (8) 
Εν Ἀ18011. 472-401 .*15022. +: Hp(1).3.0°P ΟΘ΄ τ λ (4) 
Ε. (3). (4). κ16014. Db: Hp(1). D.C’ ὁ 06(0΄2.85- (5) 
k.*18012. DF: Hp(i).9.P’smor P.Q’smorQ.R’smorR (6) 
F.(3).(6).*180138.5+F:Hp(1).o.Q#R' smorQ+h. 
[(5).(6).#180°13] >. P’R(Q RR’) smor P+(Q+R). 
[(2)] >.(P+Q)+ Rsmor P +(Q+ RB) (7) 


F.(7). #1319. 5+. Prop 
#180°531. P+Q04+R=(P+Q)+h Df 
#18054. +.(Nr'P+Nr‘Q)+Nr'R = Nr(P+Q+ 2) 
*180'541. Ε. Nr‘P+(Nr‘Q+ Nr‘ R) = ΝΥ P+ Q+ 2) 
#18055. +.(Nr‘P+Nr‘Q)+ Nr*B = Nr6P+(Nr‘Q+Nr‘R) 
#180°551. +. (Nut P + Nor'Q) ΝΕ = Nort P ΈΓ(ΝΟ Ὁ + Not BR) 
*180°56. +. (utvy¢o=pi(vvis) 
#180561. wtve-w=(utv)¢a Df 
#18057. b.(utv)t(etp)=ntviatp 
«1806. F:neNR.3.44+0,=smor%p=0,+ 4 
Observe that 4 +0,=0,+ is an equation depending upon the peculiar 
properties of 0,. We do not in general have »+v=v+yp unless μι and v are 
finite ordinals. 
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#18061. +.Nir‘P+40,=NréP =0,4Nr'P 
*18062. b:ut+v=0,.=.4=0,.7=0, 
*180°64. +.0,+0,=0, 
#180642. +. 2,+0,=0,+2,= 2, 

Note that 14+0,, which will be defined in *181, is 0,, not 1. 

The following propositions, being concerned with the relations of relation- 
numbers and cardinal numbers, have no analogues in #110. 
*1807, +. CONr(P+Q)=CONr' P+, CONr'Q = NeC'P +, ΝΟ ΤῸ 

Dem. 

F.41527.9+. OC“ Nr( P+ Q)=NeC(P + 9) 


[*180°111] = Ne(C'P + C*Q) 
[*110°3] = Ne‘C'P +, Ne‘C'Q (1) 
[*152°7] = C Nr’ P +, ΟΝ ΡΟ (2) 
F.(1).(2). 9. Prop 

«180-71. bry, veNR.D.0%(ptv)=C% pu +, σον 

Dem. 

.1524.95F:Hp.9.(qP,Q).n=Nr'P.v=Nr'Q. 

[*180°3] > .(q P,Q). p= Nr P v= NrQ.n4+v=Nr(P+Q). 

[1807] > .(q7P, Q).n=Nr'P.v=NrQ. 


Cp + νὴ ὩΣ C*Nr* P +. CNr‘Q . 
(*13°193] 5. Opty) = Cp t+,Cv: D+. Prop 


3181. ON THE ADDITION OF UNITY TO A RELATION-NUMBER 
Summary of *181. 


The relation-number i has, according to our definitions, no meaning in 
isolation, because our definitions are framed with a view to series, and a series 
cannot consist of one term. But we can add one term to a series; hence 1 is 
required as an addendum. In order to get our definitions in the most manage- 
able form, we first construct a relation, which we call P+», which is such 
that, whenever P exists, P->2 has one more term in its field than P; the 
relation-number of this relation is then defined as Nr‘P +1. We add also a 
definition ΝΕ 

1.:1-, Df 
which is purely formal, and serves to minimize exceptions to the associative 
law of addition. 

The definitions are closely analogous to those of #180. We put 

Phoa= fA uP p(AnCP) fue Df 
with a similar definition for «<+ P. 2 and P may be of any relative types, 
and we have always 
L AgePsmor P.(An CP) | ame CS | Agee (κ18111᾽12). 
We put 
etl =R (qh, 2). Ner'P=p.Rsmor(Pb-2)} Df 
with a similar definition for 14+. We also introduce definitions analogous 
to *180°03-031. 

The principal propositions of this number are 
#1813, +.Nr‘P+i=Nyr‘P+1=Nr(Pp2) 

*181'31. +: PsmorQ.3.Nr‘P+i=Nr‘Q+i 

#181°32, bFraveC'P.>.Nr6PLi=Nr(Ppz) 

#*181-33. biujveNR.qitvti.div=v.e-eti=er¢i.s.itp=liv 
*1814. Fiqtvti.d.weNR—t'A.pveNR 

#18142. F.ntieNR 

The following propositions are formally forms of the associative law, but 
they need separate proof on account of the peculiarity of 1. 

#18154. b:v+0,.>.(u¢v)¢1l =ni(vti) 
#18156. Ετμτξ0,.9 «(μ Ὁ ἢ) Ἐ1ΈΞ μΞῈ (6. 4) =442, 
Κ181.688. Ετ:τμτ0,.νΈἘ Ἐ0,. 2. μΈἘ )ΈῈ ν-: μ- ( Ἐν) 


τ 


30. ὃ 
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418159, ΕἸ μΈθ,.νἘ0,. 9.(μῬῈ 1) (1 Ἐν)π με 2, Ἐν 
The hypotheses in the above propositions are essential. 
41816. bigiP.d.C“Nr(P p2)=NeCP 4,1 
#18162. biweNR-10,.3.0%(np+1)=C%(14+p)=C n+, 1 


These propositions give the connection with cardinals. 


#18101. Pbe=lAPuP p(AnCP) | te Df 
#181011. xe} P=(e'x) [(AnC'P)4 A, iP Df 
418102. pti=R(qP,c).NxtP=p.Rsmor(Px)} De 
4181-021. 1 μ-- ((qP, 2). Net‘P=p.Rsmor(ed P)} Df 
#18103, Nr‘Pii=N,yr‘P+il Df 
*181:031. 14 Nr‘P=14Nyr°P Df 
#18104 i14+1=2, Df 
Propositions concerning «¢+ P are omitted in what follows, since they 
are proved exactly as the analogous propositions concerning P-+»# are 
proved, 
*1811. Ετ h(Pba2)S.=:(qy,z)-yPz.R=('y)Az-S=(t%)LAz.v- 
(qy) ει R=(ty)LA,.S=(AnCP) ἐὰ [(*18101)] 
Ἀ18111. F.(A NCP) Δ πους Col AUP 


Dem. 
Ε. #15022. DE.C8LAPUP =] AMUCOP., 
[55°15] Dh: QeC LASJGP. Io. A'Q= tA, (1) 
Ε. 1551. 5Ἐ -Ο!. δ OP) | ματι μα (2) 
F.(1).(2).#51161. 3b Qe Ci lL APUP 99. 0Q+ (An CP) | tte, 
[*30°37. Transp] 99. ΘΛ» CP) | va: 
[*13°196] DEAN CP) | tam eC? | AvP. Ot. Prop 


#18112, EF. A,iuPsmorP [#1516165] 


#18113. F:QsmorP.yreC'Q.3.QpysmorP be 
Dem. 
F.*18112.5+:Hp.d.Qsmor | AUP (1) 
F. (1). #16131 . #18111. 5+. Prop 


#1812. b:Zep4i.=.(gP,c).p=NoxtP.Zsmor(P 2) [(*181:02)] 


#18121, F:i.ueNR.3:Zep41.=.(qP,2).Pep.Zsmor(P-p2) 
(#181'2 . #15526] 
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#18122. +. Norf'P+i1=Nr(P 42) 


Dem. 
f.418121.3F:ZeNyrP4+i.=.(qQy)-QeNr'P.Zsmor(Qfy) (Ὁ 
b .(1).4155°12.415211.5+. Nr( Ppa) CNet P+i (2) 
Ε...181121]. #16131. 5+: QeNwrtP.Zsmor(Q-+y).2.Zsmor(Pz) (3) 
Ε.(1). (8). Κ16211. Db: ZeNyP+i1.3.ZeNr(Pb2) (4) 
Ε.(ἢ). (4). 9Ὲ.. Prop 
5.181.24. :PsmorQ.>.Nor'P+i=NoxrQ+i [Χ181}22112111. ἈΚ161.31] 


Ἔ 
#1813. +.Nr‘P+1=Nyr*PLI=Nr(P +2) — [*181-22.(181-03)] 
#18131. F:PsmorQ.>.Nr‘P+1=NrQ4+i [*181°3°24] 
418132. brave O'P.D.Nr'P$i=Nr(P4>2) [4181313] 

[ 


#18133. Fi.u,veNR.qivdl.dipaveseptiev¢ti.s.i¢p=i+y 
ΒΚ161. 88, #181°3°11°12] 
The above proposition is used in *253'23°571. 
4181-4. Figqiad¢i.Dd.peNR—-e'A.weN,R [¥181-2. *155-22] 
#18142. t.pztieNR 


Dem. 
b. 1813.3: weN,.R.D.(qP, 2). pti =Nr(P pe). 
[*152°4] D.wtleNR (1) 
Ε. #1814. FrpereN,R.D.ptl=A. 
[#154242] D.wtleNR (2) 


F.(41).(2). DF. Prop 
#18143. Fivtl=Nyr'Z.=-Zeptl [%155-26.%181-42] 


The followimg propositions are concerned with the associative law when 
1 is one of the addenda. 


#18153. Fig! P.aty.d.(Pp2)pysmor P+(e] y) 
Dem. 

Εν #1315. (#18101). 
b.(Ph2x)by=] Agel LAJOP (An OP) | ia} p [An ΟΡ ἡ Ley 
[nie 47 τ Apu LAJUPD IA (An CP) | ep{Anl(Ph2) Ley ἃ) 

t.(1).*161-22. D+: Hp.d.(P pa) by 

= JASE LASEPH {| ASA OP) μα] ΨΠΔ 0 CP} Ley) 2) 
+ .*180°13.«181:11.5 
F:Hp.d.fApo LAPP Δ (ΔΛ CP) {cx} ΔΛ 0 (Pp a)} Lefty] 

smorP+(#ly) (8) 

+ .(2).(3). D+. Prop 
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#18154. Ε: v+0,.D. (+r) ¢1 =p4(v41) 
Dem. 
Εν. ¥181-2. 41802.3t: Ve(udv)-bi.s. 

(P,Q, Rx). Nori P=p.NerQ=v.RsmorP+Q.¥smorkpe. 
[4181-2231] =. (qP, Q, 2). Norf'P=.Nor'Q=v. Ysmor(P+Q) pz (1) 
Ε, 15314. Db: Hp. dD: NrQav.d.q!Q (2) 
+. *160°44 . (#18001 . #18101). 

Ε: P=] Ant | Age P. Y=] Apudcer Ὁ. ἃ ={AnC(P + Q)} | ue. 
D.PAQ= fA (P+Q). (PRO PX =(P+Q) ba (3) 


Ε. 418012 .4#18112.5+:Hp(3).5.P’ smor P. & smor Q (4) 
Εν "180-11 . «72°41. #181-11.(3).D 
Ε:Ηρ(3).3. ΟΡ nC =A. X~re OP. Xe OY (5) 


F . *161-23.(4). DF: Hp(3).q!Q.3. (PROV HPX=PRY HX) (ὃ 
Ε.418118.. (4). (5). +: Hp(3).3.Q +X smor(Q 2). 
[%180'13.(4).(5)] >. PRY + X)smor P+ (QP z) (7) 
Ε. (1). (2). (6). (7). Db :. Hp. Hp(3).3: Ye(utv)4i.=. 

(a P,Q, 2). ΝΡ  μ. ΝΟ τον. Κ᾽ βροῦν Ρ - (Ὁ -" α). 
[*180°3.4181'3] =.(qP,Q,2).Nor'P=p-No'Q=v. YeNy'P+(Nor'Q4]). 
[¥13°193.4155°2] =.p,veN.R.Vepi(vtl). 
[¥181°4.4180°4] =. Κεμᾳ(ν- 1) (8) 
Ε. (8). 1819. 5+. Prop 


Κ1816δ. b:u+0,.3-14(tv)=(i4y)4v [Proof 88 in *181-54] 
#18156. ΕτωμτἘὺ0Ὸ,.2..(μ Ἐ]) ΕἸ τ μ ἐ ἘΠ) Ξ μ2, 
Dem. 
Εν #1532. *180°2.9 
FsZept2,.=.(qP,a,y) w= Nor P.cty.ZsmorP+(ehy) (1) 
Ε. (0). #18153. 5:.Hp.d: 


Zept2,.=.(qP,a2,y) p= Nr P.2ty.Zsmor(Pp2)by. 
[x181:22] =.(qP,a,y).p=NortP.cty.Ze(NrtP+i)+i., 
[*181°4] =.(qz,y).cty.Ze(u+i)¢i. 

[*24°1] =.Ze(pti)t+i (2) 


F (2). (#18104). 34+. Prop 

The last line in the above proof, in which *24'1 is used, is legitimate 
because 2 and y may be of any type whatever, and therefore the fact that. 
A + V is sufficient to establish (qa, y).a+y in the sense wanted. 
*181561. 1.1 -Ἐμξ (1 1) Df 

This definition adopts the opposite convention to that usually adopted. 
But it is convenient to have 0,+141=2,, and also to have as much simi- 
larity as possible between the results of adding 1 at the beginning and end 


of a relation. Both reasons lead to the adoption of the above convention. 
(Cf. *181:57-571, below.) 
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#18157. b:4+0,.>.i4+(i¢4p)=(iti)tu=244 
[Proof as in *181°56] 
#181571. 1 ΕἸ Ἐμπ 1 ἘΠῚ Ὲμ Df 
Ἀ181.ὅ8. ΕἸ μΈΟ,νἘ͵0,.2.. (μ-Ἐ 1) ΈἘνπ μ-Ξ (1 Ἐν) [Κ1601:282] 
The proof proceeds in the same way as that of 418184, 
#18159. Ετμξο,ον Ἐ0,. 9 «(μ Ἐ 1) Ἐ( Ἐν) π μΈ2, Ἐν [4161-25] 
The above propositions show that, except when one of the summands is 
zero, the associative law holds for 1 just as if it were a relation-number. 
The following propositions are concerned with relations to cardinal 
addition. 
1816. Fsq!iP.3.C“Nr(P p2)=NefCP τ, 1 
Dem. 
f. #1527. DE.CNr(P ἡ» αὐ) τ ΝΟ ῸΡ 2). 
F.(1).*16114.5+:Hp.3. CNr(P bo) 
=Nef | Δ, ΟΊ Ρ vilf(AnO'P) | ἢ 
[*110°13°3.4181-11.*%110°12] = NeSC*P+,1: 5+. Prop 
#18161. b:q!P.3.0¢Nr(ad P)=14, ΝΡ =NeCO'P +, 1 
[Proof as in *181°6] 
#18162. Fir weNR—-¢50,.3.C%(u41)=C%(1 +p) = Cu +, 1 
Dem. 
t.#153°16.41524.5+:Hp.3.(qP).u=Nr'P. qi P. 


[¥181-3°6] >.(qP).w=Nr*P.C(Nr'P 4 1)=Ne'O'P4,1 
[*152°7] =ONr'P+,1. 
[*13-193] D.C(w41) = On +, 1 (1) 
Similarly F:Hp.3.0%(14+yp)=14+, Cu (2) 


Ε. (1). (2). #11051. 55. Prop 


4182. ON SEPARATED RELATIONS 


Summary of *182. 


In this number, we have to consider, as a preliminary to the addition of 

the relation-numbers of a field, the properties of the relation {᾽}, which is 
"3 

defined as follows. If «2y is any function of two arguments in the sense 


of *38, we put Se = ea Df. Thus | ‘Q=Q1 2, 1.8. 10-ὸ φῳ Ὁ. Hence 
[PP is the relation of | QQ to | RXR when QPR. Thus the symbol Ί iP 
% Ὁ 


is only significant when P is a relation of relations; when this is the case, 
JP is the relation which results when, for every Q which is a member of 
") 


C‘P, every member « of CQ is replaced by « | Q. The result is a Rel? excl, 
whose arithmetical properties serve to define the arithmetical properties of 
the sum of the relation-numbers of members of OfP. In the next number, 
we shall put 
ZNr'P=NrS'yxP De. 
" 

We shall put later 

TINr‘P = Nr‘Tl‘P 
and we shal] find 

ΠΡ = s Prod‘ [iP . ΝΡ = Nr‘Prod‘ | 3 P. 

52 "3 
Thus we might have dispensed with [I‘P as a fundamental notion, using 
Prod instead, and putting 


‘P= sProd‘ {iP De 
4} 
But this course is on the whole less convenient than that adopted in *172 


and *173. 


The notation 9 is thus required in connection with ordinal addition, 
where it is almost indispensable. It has besides certain minor uses. The 
object of the notation is to enable us to exhibit as a function of # an ex- 
pression of the form « ἢ a, where ᾧ is any descriptive double function which 
exists for all possible pairs of arguments. Thus for example «| a is a 
function of «, but the notations hitherto introduced do not enable us to 
exhibit it in the form R‘x. Hence if we wish (say) to deal with the class 


P (qe). mea. Ρ- αν 0} 
we cannot write it in the form Ra unless we introduce a new notation. 


We put 
]w=ale 


whence Pqz).vea.P=achajl=] “a 
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We iniroduce the notation generally for all descriptive double functions 
which exist for all possible pairs of arguments. Thus “?” in this number 
corresponds to “?” in «38. 


In the present number, we shall begin by a few propositions illustrating 


possible uses of the notation 9. Thus for example if δ is a class of relations, 
we have hitherto had no simple notation for expressing the class of their 


squares. But since R*?=|‘R, the class of the squares of X’s is| A. The 
notation is, however, introduced chiefly in order to be applied to | and 


{. We therefore proceed almost at once to propositions on |, and especially 
% "9 
on {Ρ. We have 

"3 


*182:16:162. |. ΠΡ ε Rel? excl . ἢ ell. ῬΡ smor P 
ἣν % ; 


o~ o~ 


#1822. +.) Q=N(Q)Q)=II*) Ὁ 


"3 
#18221. +. JiP=I]3P 
"2 
We next prove (*#182°27) that if  ε Rel’ excl, then P has double likeness 


to [3P, the double correlator being t|D with its converse domain limited 
"3 


to Ose | 5P (*182:26). We then prove (*182°33) that if ΤΟ ΣΡ is a 


double correlator of P with Ὁ, then 7||Cnv‘7+ (with its converse domain 


limited) is a double correlator of 1:» and 10, whence we deduce 
ΝΣ δ 


on 


*182°34. +: PsmorsmorQ.).J|»Psmor smor ἢ "0 


We next proceed to prove 
#18242. | .T1SP=s3Prodf "ἢΡ - 9; 1"Π , ἘΞ ΠΣ. oP 
"2 "3 


The proof of this is as follows: In virtue of *182°21 and the associative 
law for I], we have 


siDIII | 3P = ΠΣ. [5P. 
Now STiP=PwlPOP (*182-413), 
and «(Pw TP O*P) =P (#172'51). 


Hence our proposition results. Hence we arrive at 
w18244. |. ΝΕΤΓΡ = Nr‘Prodé | }Ρ = Nr‘Ilé | 5P 
ΝΣ Σ 
Finally we have some propositions showing how the notation 9 can be 
applied in cardinals, It is then applied to ἱ instead of, as above, to L- 
2 . 
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We have (#182°5°51'52) eT a= Ί ‘a.e] “κα ἢ “eae = δ Ί “x. Thus the 
33 33 33 

notation of the present number might have been employed in dealing with 

cardinal addition (*112) instead of the notation eJa. The general notation 

PJ was, however, required for other purposes (cf. #85) and could not have 

been dispensed with. 


In *183 we shall put 


SNP = ΝΣ“ Ὁ}, 
"7 
and by *182'52 we have 
DNe‘a = Ne‘sé | “x. 
22 


It will be seen that these formulae have the usual kind of analogy. 


418201. 2=98(y=c2ax) Df 


#18202. bry 2a -2.y=a294 [(*182°01)] 
4182021, b.2!a=a Pe [182-02 . *30°3] 
#182022. E12 ὦ [4182-021 . 14:91] 
4182-023. t:2e1—»Clsi(a)-aC ©? [#182022 . #71166 . ¥33°431] 
#18203. + ./<R= RB? [182-021 . (#34-02)] 

Thus if A is a class of relations, the class of their squares is). 
#1820381, Ε.7 α--αα [κ189.021] 
#182082. t. | e@=a}e [¥182-021] 
#182033. t.3-2,=D°] =1, [45613 . «182-032 .¥153°3] 
#18204. b. ἢ ‘a= data [¥182-021 . #38-2] 


Observe that in |, we first take ἰ, and then put a circumflex over it. 
33 3 


If we first took |, we could not then place two commas under it, because | 
is a relation, not a double descriptive function, and two commas can only 
significantly be placed under a double descriptive function. 


#182-05. ΒΕ. } Q=LGQ= QL 9. [Ἀ]82021. #1506] 


The relation for the sake of which the above notation is chiefly introduced 
18 1, where P is a relation of relations. If P relates Q and R, then ΨΡ 
relates | QQ and | R3R. This is stated in the following proposition: 
Ἐ1821. +. 3P=RP (qQ,R).QPR.X =Q1Q-Y=R{ Rj 
[¥182-023°05 . *150°4] 
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418211. Ε.0.9Ρ.--͵ «cep (#150-22] 
"73 "3 


o~ 


18212. 1. 0° Q={ QCQ=FIQ [#18205 . 15022. #335. (%85-5)] 


#18213. Ε. 004 1}-- ΠΡ [#18211-12] 
418214. +. FJ el 


Dem. 
b.x18212. Dt: PT Q=FIR.3.,Q8CQG= | R "CR (1) 
Ε. (1). χὄδ282. κϑγῪάδ. Db: FT Q=FUR.G!1Q.3.Q=R (2) 
Ἐν #8745. Des) Q*CQ=l ROR. QH=A.3.) ROR=A., 
[*87°45.%33°241] >.R=A (3) 
b.(1).(2).(3). DE: FT Q=FIR.3.Q=R:5t. Prop 
#18215. Fiqgi FT Qa FT R.3.Q=R 

Dem. 


t.£18212.Dt:Hp.d.q!) Q“CQn | RCR. 
[*55°232] 2.Q=R:)+. Prop 


o~ 


#18216. +. |3PeRelexcl [#*18212'15] 


5 


Κ182161.:| 0- ΕΞ 0 ἢ 
Dem. ᾿ ᾿ 
ΕΥΚΙΒΩῸδ. 2b: Ὁ- Re: . 
[¥165°23] 
F,(1).*30°37. 35. Prop 


ωῳ. {ἢ 
«Ὁ - 
Pa 


(1) 


#182162. t.}el—+1.]3PsmorP [#182161 . «71°57 . #151243] 
"3 “3 


418217. +. 0S! [IP=Si(qQ,2).QeOP.2e0Q. Saal Ὁ) 
Dem. 
b+. #18212 , 162.22. 404. 9 


Εν OB] P= 8|(10). QeOP Sel QC} 
[x55-231] =S((qQ,x).QeC'P.reCQ. Saar} Q}.d+. Prop 


#18218. Ε΄ O'S }Ρ = FP OP 
Dem. , 
F.*18217.5 


b. sO [5 P= OR ((qQ, z)-QeCOP.reOQ.y (x) Q) ΕἸ 
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[κδδ:13] =9R((qQ.2).QeCP.xeCQ.y=a.R=Q) 
(*13°22] -ϑῇ {Re OP. ye CR} 
[#83°51] =9R (Re CP. yFR} 
[*35°101} = FtC“P.2+. Prop 

#18219. +. «DMCs! | 3P = ΟΣ Ρ. IOS! [SP = OP— ἐλ 

Dem. 

|. #4143 .#18218. 96. DOR | 3P = D(FPCP) 
[*162°23] = OEP (1) 
Heed L-4d. #18218. DF. OOS | 3P = (FTO) 
[*172-192] = 6 -- ἐλ (2) 


+.(1).(2). 34. Prop 
41822 +.) Q=M(QLQ)=T | Ὁ [#182-05:032 . κ1 72:9] 


“ 
18221. Ε.1}}-: ΠΡ [κ1892] 
The following propositions lead up to *182°26'27. 
*182:22. +. Ὁ; { (Ὁ = Prod‘ Ί Q=UQ [Κ182.2...178᾽1.22] 


418223. +. 13D3 ἢ Q=Q [#18222 . #151252] 
182,24, +. it 0} } sP=P (*182°23] 


#18225. |. Dist ΤΡ ΣΡ. ΟἿΣ. [SP CAD) 
Dem, 
b.a5515. 56. uD Qy=y. 
[433-43] 528. 1 Oy eC |D). 
[w18212] 2. Ὁ <QeajD). 


[*16222] 2. ΟΣ. LIPCA|D). 

[4162-35] Db. GDIS< | P= ΣΤ} | 5P 
=3 ey 

[#182-24] - ΣῚΡ. 2 ΕΟ Prop 


Κ18226. +: Pe ΒοΙ"εχοὶ. 2. DP ΟἿΣ. | iP e P smor amor | 3P 
3 57 
Dem. 
b #1822495 .+. ΡΞ (Ὁ: [3P.08* [SP CA |D) (1) 
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b.#182°17 . κ8ὅ515.9 
b:8,PeOX [iP .oDSatDT.>. 

(q9, B,a,y)-Q ReOP σε Q.yeCR.esy Sarl Q.T=y  Ὲ. 
[#13195] >.(qQ, Fv) .Q,ReOP.ceCQnCR. S=alQ.T=x)R (2) 
Εν (2). #16311. 

ΕἸ Hp. 8, PeCS |3P.eDS=eD'7.D. 
(0, Κι 2). Q=R.S=2c)Q.T=a lh. 
(13-195°172]).S=7 (3) 


}. (8). #7155. Db: Hp. 9.1} ΠΡ ΟἿΣ. | Pell (4) 
Ε. (4). (4). #16418. 54+. Prop 
*182:27. |: Pe Rel? excl... Psmor smor | iP [*182-26] 
The following propositions lead up to 4182'33-34. 
41823. Ε: TPC'SQ  Pamor amor Q.D. (ΤΠ Cav*TH)p ΟἿΣ. } 1ρε1-2 1 


Dem. ΝΕ 
T, ΤΊ, ΟἿΣ: 4 Ὁ 
Ε. 74:17 0B x .ὦ 


bs ΤΊ “ΟἿΣ. 0, TEP ACK | Ὁ ε018- 1. 


3 


ῪᾺ on 


DOR ΠΟ, ΟὟ. AOE LiQeart.d. 


(ΔἸ σαν 1} OS | }Qel 1 (1) 
#18219 #16418. 9b: Hp.d. ΤΊ ὍΚΟΙΣ. | 3Qe1 1 (2) 
F. #1641813. Dt:Hp.d.T+POCQel—ol. 
[#18219] 5. ΤΕ ΟΠ ΟΣΣ. 0 ε1- 5] (3) 
Ε. #16418 #18219, 2b: Hp... DCs! HQcar (4) 
Εν «1501. 483-431. 2.5. 6" ΟἿΣ ἢ QC ‘T+ (5) 


I. (1) (2). (8). (4).(5). DF. Prop ᾿ 
κ18231. ΕἸ ΕΠ PCS. 3.1. P38 = (Φ} σαν ΤῸ} | 8 
Dem. Ε.κΙ8906.2.} P38 =(T58) { (238) (1) 
Εν (1). #16531. 
brHp.d. | LiS= 7/38 | (15S) 
[150-1.4165°321] = 7|3(|CnveP tS | 8 


ΤᾺ 


[¥15018.4182-05]=(T|Cav'Tt) | “8:2 Εν Prop 
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#18282, br EM THOSQ. 2.1 5TH Q= 1] Cav TH) $5 | 3Q 

Dem. 
+ #16222. Db: Hp. d:F OQ. dy EN THOS, 
[#1 82°31] >, 1.185 (P| Cny<T+)5 ἢ ‘S: 
[κ18035:1] 5: |} THIS=(L|| Cav‘ ΤΌΤ Ὁ τὸ Dt. Prop 
418233. ΕἸ: TCSP e P amor amor Q.>. 


(Z| σαν TH) POE 1 Ὁ e ( [5 P) sor ὅτπον ᾧῳ 


Dem. 
F.#16418.D+:Hp.d.a7CCSQ. TPC Pell. P= THQ. 
[x74°11] D.EWN TORQ. P= THQ. 
[*182°32 } 3. 4 3P =(T || Cny! TH) $3 472 (1) 


Εν (1). #1823 .¥16418.95. Prop 
*182'34. +: Psmorsmor@.). 4 sPsmorsmor | 7Q [#18233] 
: % 


The converse of the above proposition is false. For example, if Ὁ Ξε Ί iP, 
" 


we shall have 13:Ρ smor smor 159, by *182°16°27, but we shall not have 
54 a 


P smorsmor Q unless P ¢ Rel? excl, as appears from *182°16 and *164-23. 


*182°411-412 are lemmas for *182°413. All the following propositions 
lead up to *182'42, which leads to *182°44, 


oa 


#182411, F.C J 3P=IP CP 
Dem. }.#15022.Db. 80" [3P = 8 | “ΟἿ Ρ 


[¥182-032] =#R(qy).yeOP.R=y hy} 
[#41711] = 22 \(qy)-yeC*P .a(y Ly)z} 
[*55°13.#13°195} = #2 {ze (Pc -- 2) 
[*50°1.*85°101] =IftCP.O+. Prop 

#182412. +. ΕΞ sP=P 

Dem. 

F. 150-11. Κ]82032. 5. Fs 9Ρ ΞΟ δ ((q2,w).2Pw.2F (z)z).yF(whw)} 

[*33°51.%55°15] = δῇ {((qz,w).zPw.2=z.y=w} 

[*13-22] = P.O. Prop 


΄Ὰ 


4182-413, ΕΣ ΡΈΡΩ POP [κ|89.411.418.κ1691] 
κ182.414. +. 1} ¢ Rel? exel 
Dem. 
Εν #15022. 2. 0641} =] «OP 
{*182-032] = Q {(qz).2eCO'P.Q=2] x} (1) 
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Εν (1). #515. DEQ, ReO ΡΟ ΤΟ Δ ΟΕ... 

(az y)-eyeOP.Qaale.R=yly.qiianuy. 
[*51-231.Transp]>.(qa,y).-Q=ala.R=yly.c=y. 
[¥13-195:172] 3.Q=R:9¢. Prop 


ΓᾺ 


*182°415, Ε:Θ ε06}}.5. ΟἽ εἸ1 


Dem. 
F.#15022.3+:Hp.3.(qze).ceCOP.Q=a la. 
[55°15] D.(qz).c2eOP. σφ ει, 
[*52°1] 9. CQYel:D+. Prop 


The purpose of the above proposition is to enable us to apply *174°221-231 


to IIIT 1:}, as is done in *182'42°43°431 below. 


[δ ~ 


4182-42. Ε- II\P=sProdé | }} = sDill | ῬΈΠΙΣ ΠΡ 
Dem, 
Εν. #18221. 3+, SDI [SP=HDIIIL Ὁ} 


o~ 


[x174-221.4182-414415]  -- TS 4ὉΡ (1) 
[4182-41 3] =U(P elt CP) 
[#17251] = ‘Pp (2) 
Ε. (1). (2). #1731. Εν Prop 

#18243, +. 8 f(C*Prodé | }P) e (II‘P) simar (Prodé | 3P) 


ay Ly] 


Dem. 
#174231 .*#182°414-415.>D 


Ει 
eh (C*Prod I 17} (ΠῚΣ- | 3P)smor (Prod Π:}}} (6) 
Εν. (1). Κ182.21.42. 5Ὲ . Prop 

ΒΕ. 


~ o~ 


4182-431, Εἰ ὁ [Ὁ (CMI | 3P) «(ΠΡ sinor (Π΄ | $P) 
[#174221 . €182-414-415-21-42] 


418244. +. ΝΙΠΓΡ =NrProdé 1 "}Ρ-- ΝΠ [3P  [#182-49-431.#152°321] 


#18245. +: Pe Rel? excel. >. Nr‘Prod‘P=Nr‘Prod‘}3P  [*182-44.#173°16] 


"3 
The following propositions are concerned with cardinals. They show 
how to express the propositions and definitions of *112 in the notation of 
this number, and they thereby illustrate the analogy of cardinal and ordinal 
addition, 
41825. FieTa=] ‘a [182-04 %85°601] 


33 


18251, Ε.εἾ n=] Me [#1825] 
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418252, b. Seas |e . ΣΝοίκ = Nets’ | “ee [418251 . #1121101] 
33 33 


5ς.182.88, 


Dem. 


#18254. 


t:ChC'Pel—1.). 


(JO MOR YP) e( | OCP) am am (0 Ὁ | 5P) 


oo 


b. #18218. #4144. 9b. OOS! | SP CFP CP) 


[*35°64] CCP 


Εν (1). #7475. Db: Hp.d. (OPCS | Pell 


« 


Εν 455581. Dh. { 6 0} ὅτε ας στ. 


[438-11] DEO} Ow = I (CQ). 
[#1821204] DF.| c«ord ‘Q= ῃ (τ. 

[15022] 598, OCMC SP =] HOMCEP 
b.(2). (8). #11114. 4162-22... Prop 

bi CP CP εῚ - 1.2. Ne C'S! | iP =ENoO“OP 
[4182°59°53 . #111-44] 


(1) 
(2) 


(3) 


*183. THE SUM OF THE RELATION-NUMBERS OF A FIELD 


Summary of *183. 


In this number we have to define and consider the sum of the relation- 
numbers of the members of C*P, where P is a relation of relations. Since 
relational sums are not commutative, we cannot define the sum of the 
relation-numbers of members of a class of relations ἃ: it is necessary that 
Ἃ should be given as the field of a relation P, where P determines the order 
in which the summation is to be effected. 


In order to avoid repetition, we replace P by J 5P, so that if Q isa 


member of C*P, @ is replaced by 0 ‘Q, ue. by | QQ. This relation is like Q, 
"3 
and its field has no members in common with the field of | Ro, unless Q= R. 
Hence we are led to the following definition: 
4183-01. INP =NrselsP De 
"9 


This definition is analogous to *112°01, as appears from *182°52, and the 
propositions of the present number are analogous to some of the propositions 
of *112. 


We have not merely 
*183-11. +: PsmorsmorQ.3>.=Nr‘P =2Nr‘Q 
but also 
*183'15. Ε: Ἶ iP smor smor | 0.2 .Σ ΝΡ = =Nr‘Q 
which is a proposition with a weaker hypothesis than that of *183°11 (ef. 
note to *182'34). 


Important propositions in this number are 
*183-13. +: Pe Rel?excl. D>. ΝΣ Ρ = XNr‘P 
*183-2, b:=Nr‘P=0,.=.2{/P=A 
1.6. ἃ sum is only zero when there is no summand except (at most) zero. 
(Cf. *162'4°45.) 
*183:25. +. SNréP ἡ Ὁ = Nr“(Q x P) 
#183°26. /:.Multax.3:PeNr‘R.CSPCNr‘S.3. 2Nr6P=Nr(R x 8) 
This proposition connects addition and multiplication. 
#18331. &:P+Q.9.=Nr(P | Q)=Nr‘P+NrQ 
This proposition connects the two kinds of addition, We have also 
183-33. iq! P.ZreC'P.3.=Nr(P 4» Z)=SNrP+Nr'Z 


R&W Il 31 
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The associative law of addition in a very general form is 
4183-43, ': Pe Relexcl. >. ZNr‘S) | H}P=SNrs‘P 
"3 


Finally the connection of ordinal and cardinal addition is given by 
*183°5. FCT CSPel 1.2. C“2NrP = Σ ΝΟ (ΟἿΡ 


418301, ΣΝῈΡ -- ΝΟΣ 12}Ρ᾽ De 
41831. +. SNP - ΝΟΣ. {»)Ρ [(11881}} 


"23 


¥183-'11. +: PsmorsmorQ.).2Nr‘P==Nr‘Q 


Dem. 
t.#*182:34.3+:Hp.d.( $32) smor smor ( | 30). 
[x164°151] 3.35 1 iP) smor (SF 15@) 


[*183°1.%152°321] 3.2Nr§P==Nr‘Q:D+. Prop 
#18312. +: Psmor smor | Q.D>. Nri‘P=SsNr [#164151 .*183°-1] 


#183:13. +: Pe Rel?excl. >. Nrft‘P = =Nr‘P [*182°27 . #183°12] 
#18314, ΕΟ SNré‘P = SNr“ Ί Ῥ 
Dem. nw rast 
. 4182-16 . #183-13. +. Nee "ΡΞ ΣΝ J 5P (1) 


. (1). 1881. D4. Prop 
: Ί +P smor smor ῃ Ὁ... ΣΝ ΡΈΣΝΗΟ [Ἀ183:11᾽14] 


Β 
L 
*183:15. Ε 
bk: SNr‘P=0,.=.2'P=A 


¥#183°2, 
Dem. 

bt. *183'1.*153:17 .5 
ΕΒ: ZNr‘P=0,. 


ΣΡ Δ: 


"3 


[162-42] ΞΘ ΡΟ: 

[Ἐ182Ὁ5] Ξε Ρ. 9. {«οΟρ-ἀ: 
[κ1ὅ1:6ὅ..168.10] =:QeC*P.D9.Q=A: 
[*162°42] =:i‘P=A:.3+. Prop 


*183°'22. +:,Multax.3 41} smor { 3Q) ἃ Β] βου. 9. ΣΝΙΡΈΣΝΙΟ 
Dem. 

Εν #16446 .*182:16.> 

Ε is Multax. 2. : 1(}}) ὅπῖσε (1.0). Rl‘smor.D. ΣΟῚ 3P smor Bf J 0. 


"9 "2 


[*183°1.%152°321] 2.2Nr6'P=ENr‘Q:D+.Prop 
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*#183-23. F:.Multax.3: P,Qe Rel excl. q! Psmor Qo Ri‘smor. 2. 
SNP = ENrQ [164-46 . 183-13] 


4183-231. b:PeNrR.OPCNrS. =. 1 iP eNr‘R. OF ἢ 3PCNrs 


Dem. 
} #182162. #15281-821.9+: PeNrR.=. | 3PeNr'R (1) 
Εν #1820511. 36: or SPCNr‘S.=:QeCP. Io. | BQeNrss: 
[*151°65] =:QeCP.d9.QeNr‘8: 
[1221] Ξ- ΟἸΡΟΝΙΝ (2) 


F.(1).(2). +. Prop 

*183°24. ΕΚ: Multax.3:P,QeNr'R. CoP, CQ eClNr‘S.3.2Nr‘P==NrQ 
Dem. 

+, *183-231.9+:P,QeNr'R. COP, CQO e CINr'S. 3: 


ἢ P,15Q eNrR. oy ;Ρ, of 5Qe CINr‘S: 
(*164'48.*182°16] 3: Multax.3. | +P smor smor ἢ Q. 
(¥183-15] >. SNP = ENrQ (1) 
F.(1).Comm.3+ . Prop 
#18325. +. 3Nr‘P | 3Q=Nr(Q x P) 


Dem. 
F.*165°21.*183:13.9F. ENr‘P 1° = ΝΣ" 13@ 
[5166] = Nr{Q x P). D+. Prop 


*183-:26. +:.Multax.3:PeNr‘R.COPCNr‘S.5.2Nr°P = Nr(R x 5) 
Dem. 

Εν *165°27 .*183'24.5 

F:. Multax.3:q18.PeNrsk.CoPCNr'S.9.2Nr‘P= =Nr‘s { "ΚΕ 

[*183-13.*166'1] =Nr(& x8) (1) 

+, #153'11:101.5 

b:S=A.PeNr'R.OSPCNrS.D.C°P CUA. 


[¥162-42] .ΣΡ-Λ. 

[*183-2] >. =Nr‘P =0, (2) 
b.¥16618.3b:S=A.2.RxS=A (3) 
.(2).(3). #15317 .> 

b:S=A.PeNrR.CPCNrS.>.=Nr‘P =Nr(R x 8) (4) 
Εν (1). (4.32 . Prop 

#1833. ΕΟΣΝτλ ΞΟ, [¥183-2 .*162'4] 


#183301. ΕἸ =Nr(A J A)=0, [183-2 .#162°41] 
31—2 
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4183302. Ε΄ ENr(P | P)=Nr(C'P ft CP) 


Dem. 
Εν. *183°13.*163'41.D+F. 2Nr(P | P)=NrS(P | P) 
[*162°3.%160°1] =Nr(C'P F C°P). D+. Prop 
*183'31. F:P+Q.3.2Nr(P | Q)=Nr‘P4+Nr‘Q 

Dem. 


Εν #1831. +. SNr(P | Q)=Nr's | (PQ) 


5) 


[¥150°71] = NE | ‘P) L( ἢ 4)} 


[¥162'3] = Nr {P41 *Q) (1) 
Εν (1). *180°32.*1821215.3+:Hp.>. 


-N om 


ZNr(P 1 Q= Nr‘ J ‘P+Nr‘ 4 Q 
[*182'05.*151-65.%180°31] =NriP+Nr‘Q: DF. Prop 


#18332. ΕἸ ΟΡ C'Q=A.>.SNr(P£Q) =SNr'P + ENr'Q 
Dem. 
Ε. 1831.34. SNr(P4Q) = Nr‘s* {Ὁ : 9 
[1 62°31 x1 60-44] =Nr(e] 3P$3« 13) (1) 
+. *182:17 .*55°202. > 


big lOS! Ρ αι OS! 13Q.=.(qS,R,2).- Re CPn0Q.ceCR.S=al RP. 


"2 


[¥10°5] >. ql OP acd (2) 
Ε. (2). Transp. 3b: Hp.d. 0S! J iPncss [3Q=A. 

[#18032] >. Nr(S]3P$E«] 3Q) = ΝΟΣ} ENTS] Ὁ 
[Κ188:1] = SNrP+ENrQ (8) 


F.(1).(3).9F. Prop 


*183:33. Fig! P.ZeeCP.3.2Nr(P 4 Z)= Nr Pi Nr'Z 
Dem. 


Εν 1831.94. SNr(P 49 Z) = ΝΣ. | (PZ) 


(*161-4] = NrE(13P 9 | 2 (1) 
Ε- (1). κι 62.48.2 +:Hp.>.3Nr(P  Z)= NS‘ PF | 2) 
[¥182:12-15.%180'32] = ΝΟΣ 19 $ Nee] Z 

"3 3 
[*183°14182-05.%151°65] = SNr‘P+Nr‘Z: D+. Prop 


#183°331. ΕἸ ΠΕΡ. Ζε ΟΡ. Ὁ ΣΝ «- P)=Nr'Z4SNr‘P 
[Proof as in *183'33] 
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4183-42, +: PeRel’excl. >. | 1} ¢ Rel’ arithm 


Dem. 
b .#163°3 . #182162. 2+: Hp. d. | 1’) ε Rel’ excl (1) 
Εν 4162-35. DESY ὈΡΕΏΣΡ, 
[#182°16] Db. ΣΕ. 9} ¢ Rel? exel (2) 


51 


Ε. (4). (2). 1 74.8.32. Prop 
#18343, +: ΡῈ Reltexel. 2. ENr‘Ss | $}P = ΣΝΕΣΕΡ 


This is a form of the associative law of addition. 
Dem, 


Ε. #18342. *17436.5>F:Hp. Dd. Σ᾽ 4 t3Pe Rel’ excl. 
5} 


[4183-13] D.ENrS5 | ΡΈΝΗΣΙΣ | ὉΡ 
[κ169:84] = NrS*se | 45P 
5} 
[*162°35] = Nr'sé ἢ ΣῚΡ 
[1881] = 2NriS'Pi D+. Prop 
41835. Ε: OP OP e191. 3. Of ENeeP = SNe“O" OP 
Dem. 


on 


Γ. #1527. κ1881. 9: Hp. >. COZNr P = ΝΟΟΙΣ | P 
[*182°54] = ΣΝΟΘΞ ΟΡ. D+. Prop 


*184. THE PRODUCT OF TWO RELATION-NUMBERS 
Summary of *184. 


The propositions of this number are for the most part analogous to those 
of the propositions of *118 which are concerned with μ x,v. Those of 3118 
which are concerned with a x 8 have their analogues in *166. We put 


418401. pxv=R (GP, Q).u=Nov'P.v=Nox'Q.Remor(PxQ)} Def 
#18402. NrfPxv=Nyr'PxXv Df 
*18403. ux NrQ=uxNrQ Df 

We prove that » Xv is only zero when one of its factors is zero (*184'16); 


we prove the associative law (*18431), and the distributive law in the 
forms 


#18433. +:PeRelexcl.>.2Nr' PX Nr‘R==Nr(x RP 
*184:35, F.(vta)Xp=(vXp)4(o Xp) 


and we prove 2,Xu#=p+(*184°4). Also we extend the distributive law 
to the case where one of the summands is 1, 1.6. we prove 


#18441. Ε:νΈῈ0,.2.( ἘΠ) Χμ τ Χμ)Έμ 

#18442. Ετν-Ἐ0,.2.( Ἐν Χμτπμες( Χμ) 

and the connection of cardinal and ordinal multiplication is given by 
#1845. FipveNR.D.C(uxv)=C%p x, Cv 


#18401. pxv=R{(qP,Q).w=No'P.v=No'Q.Rsmor(P x Q)} Df 
#18402. Nr‘Pxv=Ny'Pxv Df 
#18403. »xNr'Q=pnxNr'Q Df 


*1841. Fi Rewxv.=. (qh, Q).n=Nor'P.v=N,r'Q. Rsmor(P x Q) 
[(*184-01)] 


The proofs of the following propositions are omitted, since they are 
analogous to those of the corresponding propositions of *113. 


"18411. Fiqipxv.d.pveNR.gqiv.qir 
#184111. Fin(uj,veN,R).D.pxKv=A 
*18412. Fs.nveNR.D:Repxv.s. (qP,Q).Pew.Qev.Rsmor(Px Q) 
#18413. |. NrfP x Nr'Q =NatP x Nr‘Q = Nr'P x N,Q 

=N or‘ P x Nor'Q = Nr“(P x Q) 
*18414. |: PsmorR.QsmorS.>.Nr‘P x NrQ= Nr‘R x Nr‘8 
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#18415. -F.wxveNR 
*18416. Fi.~Xv=0,.2:y,veNR—t'A:y=0,.v.»=0, 


*1842. [+:.Multax.3:PeNr‘R.COPCNr‘S.5.2Nr'P=NrRx Nr's 
[*183°26 . #18413] 


#18421. }:.Multax.DipveNR.vtA.Pep. OP Cv.>, INP μὰν 

Dem. 
F.*15245.Db:weNR.Pep. Dd. n=NriP (1) 
b.#*15245.DbsveNR.C8PCv.SeOP.3.v=NrS. ΟΡ CNr'S (2) 
Ε.(1). (2). #1842. 
Fi. Multax. dD: p,veNR.Pepn. CP Cv. SeO'P.d. 

2Nr‘P = Nr PxNrS.n=Nr'P.y=Nr'S, 

[*13°13] D.INrP=pXxXv (3) 
F. (3) .*10°11-21:23.9 
Ετ Multax.DipveNR. Pep. C'PCv. ΟΡ. Ὁ. Σ ΝΡ μαν (4) 


Ε.5188.2. κ]62 4, Ε:Ρ-πλ.9. ΣΝ ΚΡ ΞΟ, (δ) 
Ε.156816. Transp. Dti.peNR.Pep.P=A.3:y=0,: 
[*184°16] DiveNR—-t'A.D.4xXv=0, (6) 


F.(5).(6). DF: pveNR.vtA.Pep.O'PCv.P=A.D. 
SNr‘P=pxXv (7) 
Ε.(4). (7). DF. Prop 
#1843. +.(Nr‘P x Nr‘Q)X Nr‘R=Nr‘P x (Nr‘Q X Nr‘ R)=Nr(P x Q x B) 
Dem. 
F,*18413.>F.(Nr6P X Nr‘Q) X NrfR=Nr(P x Q)x Nr‘Rh 


[*184'13] =Nr(PxQ x BR) 
[*166'42] =Nr{Px(Qx R)} 
[*184'13} = Nr Px (Nr‘Q X Nr‘ BR). DF. Prop 
#18431. F.(uxv)Xao=pxX(vXo) 
Dem. 


Ε.3.184.111. Db :0(u,9,aeN,R).D.(uxXv) Xao=A.pxX(vXa)=A (1) 
F.*1552. Dkip,y,weN,.R.D. 


(qP,Q, RB). pw=NyrtP .v=NyriQ.c=Ni rth (2) 
F.*18413.9 
brp=NortP.va=Nyw'Q.c=NorR.D.(u Xv) Xo =Nrf{(P x Q) x B} 
[*184°3] = ΝΡ x(Qx B)} 
[Κ184.18] τμ Χίν Χ α) (3) 
Ε.(2). (8). Ε: μιν, weNR.Dd.(uXv) Xo=e4X (VX a) (4) 
F.(1).(4). DF. Prop 


#18432. wXvXo=(uxv)xXoa Df 
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#18433. F: Pe Rel’excl. >. ZNr‘P x Nr‘R==ZNr(x R)iP 


Dem. 
F.*183:13.5:Hp.d. 2NrPx Nr‘ R=Nr‘s'PxNr‘R 


[*184°13] = ΝΣ Ρ x R) 

[*1 66-44] =NrS(x RP (1) 
F.*1663. Dt: Hp.d.(x R)iPe Relexcl. 

[*183:13] 29. Nrfi(x ΡΞ ΣΝ RiP (2) 


F.(1).(2). D4. Prop 
#18434. + .(Nr‘P + Nr‘Q) x Nr‘R = (Nr‘P & ΝΕ) + (Nr°Q x Nr‘R) 
Dem. 
F.*180°3 .*18413.5 
t.(NréP + Nr‘Q) x ΝΕ = Nr{(P + Q) x Δ) 
[#166-45.4180'1] =Nr{{ | (An CQ)u5P} x RA{(A a OP) | 525Q} x RB] 
[*166°3.*180°11:32] = Ne{[{ | (An C'Q)5P} x BR] + Nr[{(An CfP) | 303Q) x BR] 
[¥184-14.4180-12] =Nr(P x R)4+Nr(Q x R) 
[18413] = (Nr‘P x NrQ)+(Nr‘Q X Nr‘R). DF. Prop 
#18435. F.(vta)Xp=(yXp)4(mXp) [#18484] 
The proof proceeds as in *184°31. 
3.184.4. Ε. 2, Χμεμῆμ 


Dem. 

#184111. #1804. bs p~reN.R.3.2,XpoA.ptp=A (1) 
b .*153°24. *18413.D 
bip=NorfP.3.2,Xu=Nr{A | (efx) x P} (2) 
Ε.Ἀ1661.2 .Δ | (μα) x P=X‘P {LA | ufa) 
[*150°71] =2(P LA) 1 (PL τ] 
[*162°3] ΞΡ. Δ). (3) 
F .*180°31:32 . #165'251-211. Transp. 9 

ΕΟ ΝΡ. A) (Pf ea)} = ΝῊΡ ΈΝΕΡ (4) 
F.(2).(8).(4). bt psNor'P.3.2,%4=NrP+Nr'P 
[*180°3] =p+tp (5) 


F.(1).(5). +. Prop 
#18441. brv+0,.d.(v4¢i1)Xu=(vX uty 

Dem. 
- *166°53 . *180°32 . *165-251.D 
χε OQ. 3. Nr{(Q-yy) x P} = Nr(Q x P)+Nr‘P (1) 
- (1). *#181°32 . *184°13 .D 
tu=Nr'P.v =NrQ.v+0,.yreOQ.d.(v4i)Xpa(vXp)bp (2) 
. Ἀ1811112. Ε: νΕΝΕ-- Δ. 2. (τῷ, y)-v=NrQ.yre COQ (3) 
.(2).(3).D 


Tr TT TTT 
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FrweNR.veNR-t'A.v+0,.3. (p41) Xp=(vX pth (4) 
F . #184111 .*181°4. > 
bin(weNR.veNR—UA).D.(v¢1) XpaA- (Xp) tp=A (5) 


b.(4).(5). DF. Prop 
#18442. b:v+0,.3.(l40)Xp=p+t(vX pn) [Proof as in *184-41] 
Ἀ184 5. FrywveNR.D. τ μ xv)=C%p x, Cv 


Dem. 
F.*18413.>h:Hp.Pep.Qev.d.C(uxv) ΟΠ ΝΥ x Q) 
(¥152-7.%166°12] = Ne(C*P x CQ) 
[e152°7 4113-25] = CNP x, ΟΝ ΗΟ 
[*15 2:45] = Op x, OD (1) 
F.*184:11 .*113'204.5 
biw(qipe giv). D.C“(pxvyHr.O% px, Ov=A (2) 


Ε. (1). (9). D+. Prop 


#185. THE PRODUCT OF THE RELATION-NUMBERS 
OF A FIELD 
Summary of *185. 


The subject of this number is analogous to part of the subject of «114. 
The propositions concerned are immediate consequences of previously proved 
properties of II‘P, and offer no difficulty of any kind. 


«18501. IINr‘P=Nr‘Il‘P Df 


*185°1, +, IINr’P=NrII*P [(#185-01)] 

#18511. Ε: PsmorsmorQ.)>.IINr‘P=HINr‘Q [κ|132.44] 

#18512. + TINr‘P=Nr'Prod [iP =NrM' [5P [κ18844] 

«185-2. +. TINr‘A=0, [*172:13] 

*185-21. F.TINr(P | P)=Nr'P ["172°2.*165°251] 
*185-22. |. TINr“(A J A)=0, [*185-21] 

*185:23. Ε: Ac O*P.2.IINr‘P =0, [*172:14] 

#18525. + ::Multax.3:. TENr‘P=0,.=:AcO*P.v.P=A  [%172182] 
*185°27. F:.Multax.3: P,Q Rel?excl.q! Psmor Qa Ri‘smor.D. 


TINr‘P=IENr‘Q  [*172°45] 
#18528. [:.Multax.>: P,Q Reltexcl. P,QeNr'R.C*P,C'Qe OlNr'S.D. 
TINr‘P=TINr‘Q  [*164-48 . ¥185°11] 
*185°29. Ε:-. Multax.3: Pe Relexcl. Pe Nr‘R. CSP CNr‘S.3. 
TINr‘P=Nr(Sexp R) [176-24] 
¥18531. F:qG!P.qiQ.CSPnCQ=A.)9.TINr(P £Q)=HNr'P x TNr‘Q 
[172-35] 
#185°32. Fi:Z~reO(P.3.0INr(P»Z)=lINr'PxNr'Z  [*172-32] 
#185321. b: ΖΕ ΟΡ. 2. ΠΝεΖ « P)=NeZXUNr'P [#172321] 


*18535, Ε:ΡΕΈΩ. 9. ΠΝΥῸΡ. Q)=Nr‘Px Nr‘Q [*172-23] 
#1854. b:. Pe Reltexcl: QPQ.39.0Qe041:D.NNrIbP = WNr's'P 
{*174°241] 


#18541. +: PeReltexcl. PE J.3.TNrIGP=lINr'S‘P [174-25] 
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The following proposition gives the connection between ordinal and 
cardinal multiplication. 
#1855. +: PeRelexcl.qiP.3.C“MNriP=INecC"C'P 
Dem, 
b.*173:16.5+:Hp.>.CINr’P = C“Nr‘Prod‘P 
[*152°7] = Ne‘C*Prod‘P 
[*173°161] = Ne‘Prod‘C“C*P 
(*163°16.%115°12] =IINcC*C'P: DF. Prop 


*186. POWERS OF RELATION-NUMBERS 
Summary of *186. 


For “ to the vth power,” where ordinal powers are concerned, we use 
the notation “~exp,v.” We cannot use “u”” or “wexpy” because these 
have been already used for cardinals and classes (#116). We therefore put 
a suffix r to “exp” to show that it is relational powers that we are dealing 
with. We put 


eXP, v= R {(qP, Q)-w#=NoartP.v=Ni r'Q. Rsmor(P exp Q)} Di 
The following are the principal propositions of this number: 
#1862. -iweN,.R.32.0,exp,4=0,. exp, 0,=0, 
We do not have » exp, 0,1, because there is no ordinal 1. 
*186-21. |. wexp,2,=uXp 
*186-22. +.aexp,(8+1)=(aexp, 8) Xa 
#18623. +.aexp,(148)=axX(aexp, 8) 
#18614. Fiv+0,.@+0,.9. exp, (yp +o) = (w exp, v) X (wexp, a) 
Ε 
Ε 


Pa 


*186°15. 
*186°31. 


:aCRiVV.D.wexp,(@ Xv) = (w exp, v) eXp, & 
ὃς Multax. 3: py, ve NR—t'A. Pe RelPexedlny.CiPCv.d. 


TINr‘P = wexp, v 
which connects exponentiation with multiplication. 


*186'4. +. Nr‘ Pa =2,exp,(Nr‘P) (ef. *177) 


#1865.  F:y,veN,.R.v+0,.3.0(wexp, v) = (Cp) 
which connects ordinal and cardinal exponentiation. 


*18601. pexp,y=R(qP,Q).4=Ne'P.v=Nyx'Q.Rsmor(PexpQ)} Df 
#18602. (Nr‘P)exp,v=(Nur‘P) exp,» Df 
*186-03. exp, (Nr‘Q)=exp,(Nor'Q) Df 


Ἀ1861, Ε: Repyexp,v.=.(qP,Q)-w#=NuetP.v=Nor'Q.Rsmor(P exp Q) 
[(#186-01)] 


#18611. -.q!wexp,».D.4,veN,R.pyveNR—-tA 
*186111, Fi~(u,veN.R).D.pexp,pv=A 


*186°12. F: Repwexp,v.=.(qP,Q).u=NoerP.v=Nir'Q. Rsmor P? 
[176-181 . *1861] 
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*18613. + .(Nr‘P)exp,(Nr*Q)=(Nor‘P) exp, (ΝΥ) = (Nr‘P) exp, (ΝΟ) 
= (Nor‘P)exp,(Nor‘@)=Nr(PexpQ)=Nr(P9) 
[Proof as in *180'3] 


"186-14. biv+0,.0+40,.5.mwexp,(vt+a) = (μ exp, v) X (μ exp, a) 
Dem. 


F.*180°4.4186-111.5 
ΕΞ ίμ,ν, 2e NR). D>. wexp,(v-+o)=A.(wexp,v) Χ(μ exp, a) =A (1) 
+. *186:13.%1803.) 
brw=NorfP.v=Nor'Q.ac=Nyr'R.D. wexp,(v +a) = ΝΥ Pete (2) 
+. #17642 .%180°11.5 
F: Hp. Hp(2).3. NréPetk = Nr Py anPnse x Pane) s5R) 
[*180°12.4176°22.4166-23] =Nr‘(P? x P*) 
[*186°13.%184'13] = (μ Xp, v) X (uw exp, w) (3) 
Ε. (2). (8). #1552. 9F i 4,y,aeN,R.vt0,.04+0,.). 

< pOXp; (p+ @) = (μ exp, v) Χμ exp, a) (4) 
F.(1).(4). 9F. Prop 


*18615. F:oCRISJ.3.pnexp,(a Xv) =(p exp,v) exp, τ 

Dem. 
F. #186111 .*184111.9 
Fie(u,v,aeN,R). 2. wexp,(oXv)=A.(pexp,v)exppa=A (1) 
F.*186°13 . *18413. 2 . 
Fip=Noyr'P.v=NorQ.c=Nort kh... wexp, (a Xv) = Nr(PF*2) (2) 
+ .*176°57,-:Hp.Hp(2).5.Nr(P®*)= Nr( Pe)? 


[*186°13] = {(Nor‘P) exp, (N,r‘Q)} exp, (Nor R) 
[Hp] = (μ eXP; v) CXp, τ (3) 
Ε.(8). (3). #1552. 

Εν, ΕΝ Βα CR... wexp, (a Xv) = (μ exp, ν) exp, τ (4) 


F.(1).(4). 35. Prop 
"1862. F:yneN,R.D.0,exp,~=0,.exp,0,=0, [#176151] 
#18621. +. wexp,2,=uXp 
Dem. 
Εν #186111. #184111. Dr yeeN,R.D.mexpp2,-=A.pXp=A (1) 
Εν 186.138. 1761. ᾽Ὲ :Σμξ ΝΡ. φἘν.32. 
μ᾿ eXp, 2, = Nr‘Prod‘P 4 (a | y) 


[4150°71] =NrProd‘((P 2) L(P | y)} 
[«173°24.%165°211.Transp] = Nr“{(P 4 2) x(P £9} 

[41 65°251.«1 6623] = Nr(P x P) 

[*184-13] =pXp (2) 
F.(2).*155°2 2241.3: με ΝΒ. 9. exp, 2,=¢X pe (3) 


F.(1).(3).DF. Prop 
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*186°22. +.aexp,(8+1)=(aexp,8) Xa 
Dem. 
+t. *186°111 . «1814.5 
b:~(a,8eN,R).D.aexp,(6+1)=A.(aexp,f)Xa=A (1) 
+. *186°13 . #18122.) 
bra=Nwr'P.B=N rQ.3.aexp,(8+1)=Nr{P exp(Q -z)}. 
(aexp,8)Xa=Nr(PexpQ)xXNrfP (2) 

F. (2). «176151 .*166:13.5 
+: Hp(2).P=A.).aexp,(8+1)=0,.(aexp, 8) Κα --ῦ, (3) 
b. #1652 . 161-4. 176]. («181-°01).5 
tk. Nr‘{P exp(Q bz)}} = Nr‘Prod{P {3 LA20Q PPL (A aCP) fee} (4) 
Εν #165-221-222 . #181-11 . #16222. 9 
FigqiP.d.PL (An OP) | ifa}re OP | { AgitsQ. 

COP i [(Λ ὁ C&P) | fal δι ΣΡ ᾽ν LAgzvQ=A (5) 
Εν (4). (5). #16521. 4173-25. hs! P.d. 

Nr‘{P exp (Ὁ $ 2)} = Nr‘[(Prod‘P 4 ΣΙ AWUQ)x P ἰ (Aan CP) | efa}] 
[#181:12.1 65-25 1.#176'1-22.%184'13] = Nr(P exp Q) X Nr‘P (6) 
Ε. (2). (6). DF: Hp (2).q!P.3.aexp,(641)=(aexp, 8) xa (7) 
F.(1).(8).(7). DF. Prop 
*186'23, +. aexp,(1+8)=ax(aexp,8) [Proof as in #18622] 

*186°3. Εἰ Multax.3: Pe Rel*excl a ΝΕ. ΟΡ CNr‘S.9. 
JINr‘P =(Nr‘P)exp,(Nr‘S) [#18529] 
*186°31. +:.Multax.3:y,veNR—t' A. PeRelPexclny.C'PCrv.). 
IINr‘P=pexp,v [#186°3] 
*186°4. +. Nr‘Py,=2,exp,(Nr‘P)  [*177-13] 
*186°5. Ετμινε ΝΒ. ντξῦ,. 32. Ομ exp, v) = (Cpe 
Dem. 
b.*152°7 . #18613.) +: με ΝΡ ντ Ν,ῷ.32. 
C“(wexp, v)=NefO"(PexpQ) (1) 
Ε. (1). #17614. 5+: Hp(1).v+0,.5. 0" (u exp, v) = Ne‘{(C*P) exp (0*Q)} 
[*116-222] = (Nyc Ce PyNotere 
(*155°6] = (CON rt Pyenor'e 
[Hp] = (Cp): D+. Prop 


PART V 


SERIES 


SUMMARY OF PART V 


A RELATION is said to be serial, or to generate a series, when it possesses 
three different properties, namely (1) bemg contained in diversity, (2) transi- 
tiveness, (3) connexity, 1.6. the property that the relation or its converse 
holds between any two different members of its field. Thus P is a serial 
relation if (1) PG J, (2) P?@ P, (3)a,yeC'P.a+y.3,,,:0Py.v.yPx. The 
third characteristic, that of connexity, may be written more shortly 


> «- 
eeCOP.3,.Pavitcu Βίας τ ΟἿΡ, 


. 
1.6. geC{P.3,.Pa= CP, 
using the notation of #97; and this, in virtue of *97°23, is equivalent to 
.- 
PUCP Ov. 


In virtue of *50°47, the first two characteristics are equivalent to 
PAP=A.P°GP, 


When PA P=A, we say that P is “asymmetrical. 
such as are asymmetrical, transitive, and connected. 


” 


Thus serial relations are 


It might be thought that a serial relation need not be contained in 
diversity, since we commonly speak of series in which there are repetitions, 
1.6. iv which an earlier term is identical with a later term. Thus, e.g. 

a,b,c,a,e Κὶ ὃ, 9, ἢ 
would be called a series of letters, although the letters a and b recur. But in 
all such cases, there is some means (in the above case, position in space) by 
which one occurrence of a given term is distinguished from another occurrence, 
and this will be found to mean that there is some other series (in the above 
case, the series of positions in a line) free from repetitions, with which our 
pseudo-series has a one-many correlation. Thus, in the above instance, we 
have a series of nine positions, which we may call 

1, 2, 3, 4, 5, 6, 7, 8, 9, 
which form a true series without repetitions; we have a one-many relation, 
that of occupying these positions, by means of which we distinguish occur- 
rences of a, the first occurrence being a as the correlate of 1, the second being 
a as the correlate of 4. All series in which there are repetitions (which we 
may call pseudo-series) are thus obtained by correlation with true series, 
i.e. with series in which there is no repetition. That is to say, a pseudo-series 
has as its generating relation a relation of the form S}P, where P is a serial 
relation, and S is a one-many relation whose converse domain contains the 
field of P. Thus what we may cal] self-subsistent series must be series without 
repetitions, i.e. series whose generating relations are contained in diversity. 
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For our purposes, there is no use in distinguishing a series from its 
generating relation. A series is not a class, since it has a definite order, 
while a class has no order, but is capable of many orders (unless it contains 
only one term or none). The generating relation determines the order, and 
also the class of terms ordered, since this class is the field of the generating 
relation. Hence the generating relation completely determines the series, 
and may, for all mathematical purposes, be taken to be the series. 


When P is transitive, we have 
Pr=P.Py= Poll cP. 


Hence all the propositions of Part II, Section E become greatly simplified 
when applied to series. 


Also, since the field of a connected relation consists of a single family, a 
series has one first term or none, and one last term or none. 


In the case of a seria) relation P, the relation P, (defined im *121-02) 
becomes P+ P?, i.e. the relation “immediately preceding.” In a discrete 
series, the terms in general immediately precede other terms. A compact 
series, on the contrary, is defined as one m which there are terms between 
any two: in such a series, Pi=A. 


It very frequently occurs that we wish to consider the relations of various 
series which are all contained in some one series; for example, we may wish 
to consider various series of real numbers, all arranged in order of magnitude. 
In such a case, if P is the series m which all the others are contained, and 
a, 8, y,... are the fields of the contained series, the contained series them- 
selves are PD a, P[@, P[y,..... Thus when series are given as contained 
in @ given series, they are completely determined by their fields. 


In what follows, Section A deals with the elementary properties of series, 
including maximum and minimum points, sequent points and limits. 


Section B will deal with the theory of segments and kindred topics; in 
this section we shall define “ Dedekindian” series, and shall prove the important 
proposition that the series of segments of a series is always Dedekindian, 
2.¢. that every class of segments has either a maximum or a limit. 


Section C, which stands outside the main developments of the book, is 
concerned with convergence and the limits of functions and the definition of 
a continuous function. Its purpose is to show how these notions can be 
expressed, and many of their properties established, in a much more genera] 
way than is usually done, and without assuming that the arguments or values 
of the functions concerned are either numerical or numerically measurable. 


Section D will deal with “well-ordered” series, 1.6. series in which every 
class containing members of the field has a first term. The properties of 
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well-ordered series are many and important; most of them depend upon the 
fact that an extended variety of mathematical induction is possible in dealing 
with well-ordered series. The term “ordinal number” is confined by usage 
to the relation-number of a well-ordered series; ordinal numbers will also be 
considered in our fourth section. 


Section Εἰ will deal with finite and infinite. We shall show that the 
distinction between “inductive” and “non-reflexive” does not arise in well- 
ordered series. 


Section F will deal with “compact” series, 1.6. series in which there is a 
term between any two, te.in which P?=P. In particular we shall consider 
“rational” series (t.e. series like the series of rationals in order of magnitude) 
and continuous series (i.e. series like the series of real numbers in order of 
magnitude). Our treatment of this subject will follow Cantor closely. 


32—2 


SECTION A 


GENERAL THEORY OF SERIES 


Summary of Section A. 


In the present section, we shall be concerned with the properties common 
to all series. Such properties, for the most part, are very simple, and present 
no difficulties of any kind. Many of the properties of series do not require 
all the three characteristics by which serial relations are defined, but only 
one or two of these properties: we therefore begin with numbers in which, 
though the properties proved derive their chief importance from their 
applicability to series, the hypotheses are only that the relations in question 
have one or two of the properties of serial relations. Thence we proceed to 
the most elementary properties peculiar to sertes, and thence to the theory 
of minimum and maximum members of classes contained in a series, and of 
the successors and limits of classes. We then proceed to the correlation of a 
series with part of itself. The ground covered is familiar, and the difficulties 
encountered are less than in most previous sections. 


Tt will be observed that where series are concerned, if a is an existent 
«- > 
class contained in ΟἿ, p‘P*‘a is correlative to Ῥέα (which is s“P*‘a): Pa 
«-- 
is “predecessors of some a,” and p‘P*‘a is “successors of all a’s.” Ifa 15 an 


existent class contained in C*P, the whole of C‘P, with the exception of the 
last term of a (if there is such a term), belongs to one or other of the classes 


«-- 
Pa, p‘P“a, of which the first wholly precedes the second. The division 
of CP into these two classes is the Dedekind “cut” defined by a. But 


when only part of α is contained in C‘P, we must replace pt PMa by 
ς- ς- 
p’P (an CP), since p‘Pa=A if a has any member not belonging to C*P, 
«- 
Again, ἔα O‘P=A, we have p‘P*(anC‘P)=V. But what we want is 
the complement to P*‘‘a, which in this case is null. Hence we must replace 
«- «- 
pP\anP) by ΟΡ ap'P(anCP): this is OfP when Pa=A, te. 
<_— 
when an C‘P=A, In any other event it is equal to p’P“(anC*P). If a 
. . a * «- 
is contamed in ΟἿΡ and is not null, C’Pap*P“(anC'P)= ρέῬιᾳ, Thus 
the Dedekind “cut” defined by a class a, whether or not this class is 
contained in whole or part in C*P, is always the two classes 
Pa, C&P np Pa n CP). 
Throughout the elementary propositions of this section, we have been 
careful to avoid stronger hypotheses than are required: we have not assumed 
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P to be serial, if our conclusion would follow (e.g.) from the hypothesis that 
P is transitive and connected. It will be found that many properties of 
series depend upon the fact that, if #, y are two different terms of a series P, 
then wPy.=.~(yPa) (*2043). Here the implication #Py.3.~(yPz) 


requires that P should be asymmetrical, {.6. that we should have Pa P= A 
or P?GJ. The implication ~(yP2).3.aPy requires that P should be 
connected. Thus the hypothesis required is not that P should be serial, but 
that P should be connected and asymmetrical (*202°5). 


Again, consider the proposition that if P is a series, P,=P+P* This 
relation P, is the very useful relation “immediately preceding”; thus the 
above proposition is important, as is the further proposition that if P is a 
series, P, is a one-one relation. It will be remembered that (by *121) 
ἌΡ means that P(r y) consists of two terms. It was shown in 
*121:304'305 that if P,, is contamed in diversity, “«P,y” implies “ePy,” 
and is equivalent to the statement that ὦ and y constitute the whole interval 
P(#t4y) and are not identical. Also by #121-254, P,=(P,,),. It is evident 
that, if P,, is contained in diversity, and #P,y, we cannot have «P*y, because 
there is no term other than x and y in the interval P (zy), and we cannot 
have «Px or yPy. Hence if P,,GJ, we have P,@+P* Hence by what 
was said above (*121:305), if P,,GJ, we shall have P,G P+P*% On the 
other hand, if P is transitive, we have P+P?GP, (*201°61). Combining 
these two facts, and remembering that if P is transitive, P= P,, (*201-18), 
we find that P,= P+? if P is transitive and contained in diversity. We 
find further (*202°'7) that if P is connected, P+ P* 1s one-one. Hence we 
need the full hypothesis that P is a series in order to prove that P, is a 
one-one (*204°7). This is a good example of the way in which the various 
separate characteristics that make up the definition of series are relevant in 
proving the properties of series. 


*200. RELATIONS CONTAINED IN DIVERSITY 
Summary of *200. 


Some of the propositions of this number are repetitions or immediate 
consequences of previous propositions, especially those of the propositions 
of *50 which deal with diversity. But we are chiefly concerned here with 
propositions which will be useful in the theory of series; this leads us to 


introduce propositions on iP and on matters connected with relation- 
arithmetic and other topics. It will be seen that “P?GJ” (6. “P is 
asymmetrical”) is an important hypothesis, as is also P,, GJ, of the use of 
which we have already had examples in *96 and *121. 


The following are among the most useful propositions in this number: 
*20012. +: PeRIV.D.0°Prvel 


This is the proposition which makes it 1mpossible to define an ordinal 
number 1 which shall take its place among relation-numbers applicable to 
series. 


#20035. +:PGJ.ael .>.Pha=A 
This is a consequence of *200°12. 
#20036. F:P?CJ.3.PCJ 
— «- «- > 
*200°361. Ε: ΡΟ... Ραμα P@y=A.Plen(Pfevisy=A 


1.6. τῇ P?G J, no term precedes itself or any of its predecessors, and no term 
succeeds itself or any of its successors. 


*200°38. +: P,,GJ.9.P,,=Pyad 
—> = 
*20039. 1:P,,GJ.ceCP.9. Pylon Pyfc a 


We then have a collection of propositions concerned with relation- 
arithmetic. 


*200°211. }: PG J. PsmorQ.3.QCJ7 


1.6. the property of being contained in diversity is invariant for likeness- 
transformations; 


*2004. F:PRQERIT.=.P,QeRIV.CPACQ=A 
*200°41. +:PteGJ.=.2¢ PGJ.=.PGJ.a~6C0'P 
and other such propositions. 


. - «- 
We then have a set of propositions concerned with p‘P a and p*‘P a. 
The most important are 
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*200'5. b:PGJ.D.anpP aad .anp Pan 

420052. bi PES.3.0°P we POP 

#20053, : PC T.D. Pan p P\a=A. Pan pP anh 


1.6. if P is asymmetrical, the terms which precede part of a do not succeed 
the whole of a, and vice versa. 


420011. F:PeRM.=.Pe RVI [50°23] 
#20012. :PeBIKJ.3.0'P wel 


Dem. 
Ε.16011.. 58.17.2. τ. Hp: aPy.v.yPe:d.y+u. ye OP (1) 
F.(1).*33182. Db: Hp.diveCP.D.(qy)-y#u.yeOPR: 
[*52:181] 2:0§P wel: Db. Prop 
*2002. -:Telw1.3.7T(PAD)=TIP AT 

Dem. 
b.*1504.29b:.Hp.2: 

a{P( PAS) y.=.(qz,w). c= Te.y=Tw.zPw.z+w. 

[*7 1-56] =.(qz,w).c+y.@=Tz.y=Tw.zPu. 
[150-4] =.a2{Ts;PAJ}y:. 3+. Prop 
#20021. £:TeCl—31.PEGJ.3.T:PCS 

Dem. 
b. 41501 60.24.2 Ε-:. Hp. d:a(TiP)y.2.(qz,w).aTz.yTw.z+w. 
[*71:171.Transp]} 2. απ 2. Prop 


*200°211. ΕἸ: PG J. PsmorQd.3.QCGJ [2002]. *151°1] 

The properties of relations are very frequently common to all relations 
which are like a given relation, and this applies specially to the kinds of 
properties with which we are most concerned. The above proposition is an 
illustration of this fact: it shows that the property of being contained in 
diversity is invariant for likeness-transformations. 

*200:22. :PGJ.=.N rPCRIVU.=.qtNriPo RIS 
Dem, + .#155'11.%200'211.5+:PGJ.5.N er PC RIV (1) 
b.*15512. Dt: NywPCRIKJ.3.P ES (2) 
b. #15512. Dt: PEJ.3.q!NriP on RI (3) 
Ε. #15511. #200211 .o iq ing PoaRIJ.D.PES (4) 
F.(1).(2).(8).(4)- DF. Prop 
We have, without the need of typical definiteness, 
F:PGJ.O.NrPCRIVS 
and big ΝΕ Βα. 5. .ΡΟυ, 
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both of which are immediate consequences of *200°211. The converse 
implications, however, fail if Nr‘P 18 taken in a type in which Nr‘P =A. 


2008. b+. Ae RIS [*25°12] 
"20031. F:aty.=.alyeRIJ [*55°3] 
420032. traf @GJ.=.anB=A [50°55] 
#20033. ':PGJ.5.PDaGJ [*35°442] 
«20034. -:PhaGJ.=.PhaGJ.=.a{PCJ [*50°58] 
*200°35. ':PGJ.ae1.>.PLa=A 
Dem. 
b.*5216. Dh: Hp. dia, yea. In ye (ay). 
[*23°81] Dz,y+ Ὁ (ΡΒ): 
[Κ11.521] 9 : (ὦ, ψ). ~ ἴα, yea. aPy} sD. Prop 


#20036. F:P?GJ.9.PG/ [κῦθ0'45] 


-- -- «- -» 
*200361. |: P?GJ.9.Pan(tavu ΡΞ Δ. Plan(Pfevia=A 
Dem. 


—p 
b.*51'15. Dhiye Pian ie.d.aPx (1) 
+, 200,86. Dt: Hp.d.~ (Pz). 
- 
[(1).Transp] 2.Pianiae=A (2) 
> & 
t,xd411, Dt: qi Pan Pe.s.02P%e (3) 
> & 
Εν (8). Transp. 2+: Hp.2. Plan Pa@=A (4) 
- «- 
Ε.(2).(4. Dk:Hp.d. Pan(en Paar (5) 
-- 
Similarly t: Hp. 5. Pan (Pa vifey=A (6) 
F.(5).(6). 34. Prop 
*200°37. F:q!Pot‘PaRIJ.>.PGT 
Dem. 
lohan COE 
Εν. #91 518 TS > 
braPae:Se Pot*P.a8a.D,.a(8|P)a: 3: Qe Pot P .d9-xQe (1) 
ΟΝ It:iaPa.d:28e.3.08e¢.0P2. 
[*34°1} D.x(S(P)ax (2) 
F.(1).(2). Dk: @Pe.3:Qe Pot’P. 39. 2Qz. 
[%*50°24) Do. ~ (QEJ) (8) 
+ .(3). Transp. DF: (4 0). Qe Pot*P.QES.3.~ (Pa). 
[*50°24] >.PCJ:3+. Prop 


#20088, 1: P,oGJ.3. Py =PyAd [#91541] 
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- ε- «- - 

Ἀ200381. Ε: ΡΟ Φὺ.5.. Pi fan Ρ στ Δ. Py San ΡΞ Δ 
Dem. 

Εν 49156. Db: Hp. d. PJ. 


- «- «- -- 
{*200°361 ] 9. P,, fa a (Sav Pyit) =A. Py fea (Pyle v Uxy=A, 

-- = —> 
[*91'54] 2. Pf a Pyfa =A. P, ‘an Pyfc=A:3+. Prop 

> & 
*200'39. F:P,GJ.ceCOP.D. Pyan Py'x=t'a 
Ῥ * * 
Dem. 
> ς- > «- 
F. #9154. Dt: Hp.d. Pyfan Pyfe= (Pe ν Ua) a (Pyofx v Ufa) 
- ς- 

[*22-69] = (Ppt 9 Pyofr) v te (1) 

—> «- 
F.*91°56. DIhksye ΩΝ Prof «9 YP oY (2) 
F.(2). Transp. D+: Hp.3.P,fan PHA (3) 


F.(1).(3). DF. Prop 
-- -» -" 
ἈΖ2ΟΟ291. ΕἸ P,,€J.3.PyiPsmor P. Py CP e( Py3P) smor P 


Dem. 
>» -Ὁ 
F.*9012.5F:Hp.a, ye CP. Py'x=Pyty.d.0Pyy.yPyr. 
[*200°39] D.v=y (1) 


Ε. (1). *151'24. 55. Prop 


The above proposition is useful in the theory of segments. 
The following propositions are concerned with the ideas of relation- 
arithmetic. Analogous propositions will be proved for transitiveness and 


connection in *201 and *202, whence analogous propositions concerning series 
will be deduced in «204. 


42004. F:PROeRIV.=.P, Qe RI. CPaACQ=A 


Dem. 
F .*23°59 .*16071.5 
F:PAQcRI.=.P, Qe RIS. CPTOQET. 
[*200°32] =.P,QeRi/.C’PanCQ=A:3F. Prop 


This proposition is part of the proof that the sum of two mutually 
exclusive series is a series. 


*200°41. F:PbaGJ.s.2¢4¢PGJ.s.PGJ.a~seC'P [%23'59.%20032] 


*¥20042. F:3§5PGJ.=.CoPCRIV. PES 
Dem. 
Ε.κ93.89. Κ1621.5᾿ἘῈἘ : ΣΡ GJ. ns. OPC. PPC. 
{*61:52] =.CPCRIVJ.F3>PGJ:3+. Prop 
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The following propositions (*200°421°422-423) are lemmas for *204'53. 


#200421. Ε: Pe Rel?excl. PE J. QeCP.3.Q=(SP)E CQ 
Dem. 
F.*163°11.*#16213.5+::Hp.d:s.2{(SPyE CQy.=: 
(qR).ReCOP. 2, yeCQ.cRy.R=Q.v. 
(7 R,8).RPS.a2,yeCQ.reOR. ye OS.R=Q.S=Q: 


(413'195°22] =:2Qy.v.QPQ.a,yeCQ: 
[*50°24.Hp] =:2Qy:: D+. Prop 
#200422. F: 3°PGJ.D. PD (—u'A) GJ 

Dem. 
F.*162°13.%5024.3F::Hp.d:.QPR.I:2eCQ.yeOR.D.0+y: 
[*24°37] I:CQUnCR=A: 
[*24°57] IsH!Q.3.CQECR. 
[*80°37] >.Q+R::D5. Prop 


*200°423. F:. PeReltexcl Awe OSP.3:35PGCJ.=.PEJ.CPCRIVT 
Dem. 


.*200-42242. Db: Hp.BPGJ.D.PGJ.CPCRIVT (1) 
t .x61°52. DE: CPCRIT.D.8OP ES (2) 
f.*163°12.*20021.3':Hp.PGJ.>.FPGS (3) 
F.(2).(3). 41621. DE: Hp.PGJ.CPCRIV.D.E°PGT (4) 


F.(1).(4). 54. Prop 
*200°43. -:PGJ.5.10‘P= 


> ΠΝ (M, Ν PCP + (qQ) . (MQ) Q(N'Q). MP P*Q = NP PQ} 

em. 

Γι 4]. 1721. 9Ὲ:Ηρ.3. 

TP = MN (M, Ne FoC'P ss (ἀρ) ΚΟΥ (0): RPQ. Dg MIR = NR} 

[*35°71.«71-35] 

= ΗΝ (M,N ¢ FSO : (qQ) « (M“Q) Q(N*Q). MP P'Q= ΝῚ P'Q}.Dt. Prop 
The following propositions, with the exception of *200°52, are concerned 


> ς- 
with p‘P“a and p‘P*a, i.e. the class of terms preceding (or succeeding) the 
whole of a. 


= ς- 
Κ200δ. F:PGJ.3.anp'P\a=A.anpPaHA 
- 
Dem. +.*40°51.3+:.ccanp'P“a.d:xearyea.Dy.aPy: 


[1026] >: 2Px: 

[*50°24] I:~(P CJ) (1) 
F.(1). Transp. Dt: Hp.D.anpP ash (2) 
Similarly F:Hp.>.a np Pe= A (3) 


Ε.(2). (3). +. Prop 
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420051. bi PGI. τ P.D.p PHP aA. p POOP aA 
Dem. +. #4062.3b:Hp.>.p'P“OPCOP. 


> = 
[*22°621] >. pPhEOP SOP a pf PHOP 
[*200°5] =A (1) 
. . «ε- 
Similarly Ε:ΗρΡ.9.»,ΒΟΡ -:λ (2) 


Εν (1).(8). DF. Prop 
*20052, b:PGJ.. Of Pac BOOP 
-Ὁ 
Dem, | .*5024.3b:.Hp.D:2eC'P.d,.ave Pr, 


[413-14] P+ Pens 
-- 
{*37'7. Transp] 3: OfPwve POOP 3, D+. Prop 


This proposition is often used in the theory of well-ordered series. 


*20053. F:P?GJ.5.P “a np’ Pa = A. Pan Pa A 
Dem. 
F. #371. %40°53. 96: ce Pg np’ Pa. 2:(qy)-yea.aPy:yea.d,.yPa: 


[*10°56] 2:(qy).e2Py.yPax: 

[*34r5 ] DJia2P x: 

[*50°24] Din(PE J) (1) 
Ε. (1). Transp. DF: Hp.3.(x).rre Pea ope ‘Pig . (2) 
Similarly Ε:ΗΡ.3. (4). awe Pita np PKa (3) 


F.(2).(3). D+. Prop 
The above proposition is frequently used. If a is an existent class con- 


c 

tained in ΟΡ, Pa and p‘P*‘a are the two parts of the Dedekind “cut” 
determined by a (excluding the maximum of a, if any). The above pro- 
position shows that these two parts are mutually exclusive. 


> «- > & 
*200°54. F:PGJ.q!P.d.pSPOP a pi Pa} = pi Pp Pa 
— — 


Dem. |.*4062.3Fiqla.d.C°PapiPa=pi Pa (1) 
«-- 
Εν κ402. Ε τας ΑυϑιρΡέᾳ (2) 
> ς- ~ 
[40°16] > op Ppt Pa Cp PHOP (3) 
> ς- 
Εν. (8). #200°51.3b:Hp.a=A.d.p'P Mp Pa A (4) 
b.(2) 42426. DE:a=A.d. CP ap P\a= OP (5) 


-- «- 
F.(5).*200'51.5F: Hp.a=A.d.p'P( CP api P ay=A (6) 
Ε.(1). (4). (6). DF. Prop 
This proposition is a lemma whose purpose is to avoid the necessity of 
introducing the hypothesis q!ain proofs in which it is not really necessary. 
The first use of this proposition occurs in *206°551. 


201. TRANSITIVE RELATIONS 


Summary of *201. 
There are two main varieties of transitive relations, namely those that 


are symmetrical (P=P), and those that are asymmetrical (PA P =A). 
Transitive symmetrical relations have the formal properties of equality; 
examples of such relations have occurred above, 6.0. identity, similarity, and 
likeness. The propositions of the present number, however, are rather such 
as will be useful in connection with transitive asymmetrical relations, since 
they are intended to be applied to series. 


We denote the class of transitive relations by “trans”; thus 


trans = P (P?GP) Df. 
Many propositions of this number are analogous to propositions whose 
numbers have the same decimal part in *200. Such are: If P is transitive, 
so is its converse (x201°11), and so is any relation which is like P (*201'211); 
A and «| y are transitive (*201'3°31); if P is transitive, 80 is P[ α («201°33). 
The propositions *201-°4—-42, which deal with the ideas of relation-arithmetic, 
are also analogous to *200°4—-42. 


Most of the other propositions of this number, however, have no analogues 
in *200. Among the most important of these are the following: 


> Ὁ 

«201-14. +: Petrans.¢Py.3. Pix C Ply 
*201:15. |. Rye trans 
"20118. F:P?€P.3.P,=P.Py=PultoP 

This proposition is very important, since it effects an immense simplifica- 
tion in the use of all propositions involving P,, or Py, when these propositions 
are to be applied to transitive relations. Owing to the above proposition, 
P,. drops out where transitive relations are concerned. Py, on the other 
hand, remains useful: if yeO*P, “#Pyy” will mean “x precedes or is y,” 
which, if P generates a series of which x and y are members, is equivalent to 
“ga does not follow y,” 


- 
We have a series of propositions (#201°5—'56) on P*‘a and p‘P“a. The 
chief of these are 
2016. &:Petrans.>.P“P“a€ PMa 


#201501, Ε: Petrans. >. P“Pie€ ΒΡ 


__ These two propositions express the fact that a predecessor of a predecessor 
is a predecessor. 
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#20152. +: Petrans.3.Py“a= P“av(an CP) 


Thus if aC CP, Py“‘« consists of a together with the predecessors of its 
members. 


> > 
#201521. F: Petrans.ceO'P.D. Pyfa= Pia vie 
*201'55, +: Petrans.3. P “(au Pa) = Pia 


We have next a set of important propositions on P+ P? and P,. The 
chief are 


*201'63, +: Petransn RIMJ.D.P,=P+P 
*201°65. Ε:. Petransa RIJ.D:P,=A.=.P=P 


On these two propositions, see the notes appended to them below. 


*20101. trans=P(P?GP) Df 
#2011. +:Petrans.=.P?@P {(*201:01)] 
420111. F:Petrans.=. Pe trans 

Dem. 

F.*201°1.431-4.5: Petrans.=.CnviPCcP. 
(#34°63.%201°1] . Petrans: 3+. Prop 
420112. ΕἸ Petrans.3:PG@J.5.P°@J.=.PAP=A_ [κῦ041] 

In virtue of this proposition, being contained in diversity is equivalent 
(where transitive relations are concerned) to asymmetry. This is not in 
general the case with relations which are not transitive; thus eg. diversity 
itself is contained in diversity, but is symmetrical. 


#20113. Ε. RI‘7 C trans 


Ml 


Dem. 
b.*3434.5F:REL.O.RER TI. 
[*50°4] >.@GR:3+.Prop 
> = 
#20114. F:Petrans.c2Py.3. PerC Ply 
Dem. 
F.x2011,. 3+: Hp.zPr.3.2Py (1) 


F.(1).#*32:18.55F. Prop 
The following propositions (*201:15——19) are concerned with Ry and &,,. 
#20115. -.Ryetrans [9017] 
#20116. +. R,oetrans [91°56] 


This proposition is important, since it often happens that a series is given 
as defined by a one-one relation A, as in *122 for example, and in such cases 
R,, is a serial relation in our present sense. By the above proposition, Ry, 
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is always transitive; by #96421, H,, is connected when confined to the 
posterity of a given term, provided HeCls—>1; by *96:23, if Re1—Cls 
and «BR, R,, is contained in diversity throughout the posterity of x Thus 
if R is a one-one, R,, confined to any family which has a beginning will be 
a serial relation. 


420117. t:P?GP.QePot'‘P.D.QEP 


Dem. + .*38434.3F:,Hp.3:8GP.9,.8;);PEP (1) 
SGP 
K:.QePotfP: SEP.9;.8|PGP:PEP:3.QEP (2) 
F.(1). (2). 28.42.3. Prop 
#20118. F:P?CP.D.P,,=P.Py=PulftCP 
Dem. | .#201717 .*41°151. (#9105). DF : Hp... P,,€ P (1) 
kK. (1). #91502. Dt: Hp.d.P,,=P (2) 


Εν (2). #9154. Db. Prop 


This proposition is important, since it simplifies all propositions con- 
cerning P,, and Py in case P is transitive. The following proposition is an 
instance of this simplification. ᾿ 


- > 
#20119. +: Petrans.>.P(¢—y)= Plan Ply [%*201°18 . (#121:01)] 


The following propositions (*201‘2—"22) are concerned in proving that 
transitiveness is unaffected by likeness-transformations, and therefore belongs 
to every member of a relation-number or to none. 


2012. F:SeClso1.d°QCd‘S.3.(SiQ¥= Sig 
Dem, +.*1501. Εν 0» - 5] 0550 ᾳ) 
F.*72601.3+:Hp.>d.Q|S8|S=Q (2) 
F.(1).(2). DF: Hp.3.(S3QY=S8}Q?|S: D4. Prop 


Ἀ201.201. F: ΄ὶ ε (18 .--2 1. Τ 0 ς (5.2. (390) = 590: 
[Proof as in *201°'2] 


#20121. Ε: δε ]8- 1. Qetrans.>.S9iQe trans 


Dem. Ε.Ἀ15036. κϑ5.462.,9 Ε. 550 τ 90) aS (1) 
Ε. (1). *201°2. 5Ε1ΗΡ.9. (9 0} -- 5'(0} AS). 
[κ150.81.κ901:1] > .(S3Q¥ ESQ: DF. Prop 


*201-211. +: Petrans.QsmorP.>.Qetrans [201-21 .*151-1] 


This shows that transitiveness is a property which is unchanged by 
likeness-transformations, Hence 


Ἀ201.212. |: Petrans.>.Nr‘PCtrans [*201-211] 
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*201'22. +: Petrans.=.N,r‘PC trans.=.q!Nir‘P ὦ trans 
[Proof as in *200°22] 
#2013. +.Actrans 
Dem. +.*8432. Dr.At=A (1) 
b.(1).*23'42.DF.A27GA.3+. Prop 
#20131. +.2| ye trans 
Dem. -.*5513.Dbi2z(@lyPw.s.(qu).c=2.u=y.u=2.way. 
[*10°35 | D.2=2.W=y. 
[*55°13] 2(@)y)w:OF. Prop 


ῳω 


Unless στε ψ, (αὐ γε: ἁ. A relation whose square is A is transitive, 
because A is contained in every relation. 


*201:32. +.af Se«trans 


Dem, +. 85103. 3h: a2(af BYz.=.(qy).vea.yeR.yea.zeB. 
[*10°35 ] D.vea.zes. 
{*35°103] Ὁ «Φί(α  β)Ζ 139}. Prop 


ΚΩ01.33, +:Petrans.>.P[ ae trans 


Dem. |.*8613.3b:a(Phaylz.=.(qy).a,y,zea.2Py.yPz (1) 
F.(1). It: Hp.d:2(Pfayz.5.(qy).2,y,2¢0.2Pz. 
[*10°35.*386°13] >.x2(P[a)z:.3F. Prop 

The following propositions (*201°4—42) are concerned with the ideas of 

relation-arithmetic. 


#2014. &:P,Qetrans.C'PaCQ=A.3.P4#Q¢ trans 


Dem. 
F.*16051.3+:Hp.3.(PLOY= Pv υ ΒΘ ΡΊ σρ ΡΤ. (1) 
Ε.ΚΩΟ11. Dk:Hp.>d.P?GP.GEQ (2) 


Ε. #8543282. DE.DIPTCQECPTCQ.CPTAQECPTCQ (3) 
F.(1).(2).(3). DF: Hp. 3.(PROVY EP vQu OP TF OQ:DE. Prop 
#201401. b:.C°’PanCQ=A.39:PHQe trans.=. P,Qe trans 

Dem. 


+ .*160°51.D 

b:.Hp.3:PRQctrans.=. Pu Q@uDPTtCqguCPT age PrQ. 
[1601] ΞΡ Ως PQ. 

[κ160] 3. (Ρλὼ ΘὉ} ΟΡΕΡ..(Ρε οὐ σῷ Ωρ. 

[κβ86 4.84.6] >. PEP.GEQ (1) 


F.(1).*201-4. 36. Prop 
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*201'41. bFiae-eC'P.3>:Pectrans.=.P+zetrans.=.2¢ Pe trans 
Dem. 
f.*34'301.3+:Hp.d.(C'P fete) | PHA. 


[*161:1] >.(Ppay= Pu (COP ΄ [τυ P| (CP F κα) 
[*35'881] = βῆ (OP fF ifaw (DP 1 ie) 
[*35°895 | - (DP f τ) (1) 


Ε,.(4). Ἀ2011.9 
Ft: Hp.3:(P+2z)etrans.=. βέ (DP fifa) GC Ρυ(ΟΡΊ μα). 


[*35°432°82] =.P?¢Pu(CP fF i's) (2) 
b. 43333 . 43456 .435°36.3+:Hp.d.PPA(OP ft μα)τε (3) 
F.(2).(8).#2549.53F:.Hp.3:P+4cvetrans.=.PCP. 

(*201-1] =.Petrans (4) 
Similarly Ε: ΗΡ.9 τῷ Ὁ Petrans.=.Petrans (5) 


t.(4).(5). 9 Ε΄ Prop 
#201411. Fizte.zty.d.2lytzetrans [*201°41°31] 
«20142. +: Petransn Rel? excl. C'PC trans, >. Σ"Ρ trans 

Dem. 
Ε.Κ16021.9 
Ε. (ΣΡ = (OPP ow (PPP (CP) | (IP) wo (FIP) | (δ Ο!Ρ) (1) 
Fiktl ll Db: eo (COPY z.=.(qQ, RB y).QReCP. cQy.yRz. 
[#3317] Ξ (τῷ, Κι). Ὁ, Re CP. 2Qy.yRhz2.qiCQa CR (2) 
Εν. (2). «16311. 
ΓΉΝΗΡ. 9 (ΟΡ 2.9. (0, By). QReCP.cQy.yhz.Q=h. 
[18.196] >.(qQ).QeCP,2Q%. 
[*201°1.Hp] >. (qQ)-QeCP.xQz. 
[κ41.11] Ὁ. 2 (8O'P)z (3) 
Εν. 4201-21. *16312.+:Hp.>.(FIPYE FIP (4) 
Εν 941. Ἀ41.11.. #15052 .D 
Ετῷ (6 }Ρ}|(}}}Ρ}2.3..(τῷρ, BS, y).QeCP.cQy. RPS. γε ΟΕ. σε δ᾽ (5) 
Ε. (δ)..16811.κ18:195.2 
Fs. Hp.3:4(8C'P)|(FiP)2z.3.(qQ,S,y)-QeCP.cQy.QPS.zeCS. 
[33-17.#150°52] > .2(F3P) 2 (6) 
Similarly +:.Hp.D:2(F3P)|(sC'P)z.3.2(F3P)z (7) 
F.(1).(8).(4).(6).(7).D 
F:Hp.3.(2'P¥GsC'Pw FiP: 3+. Prop 

The following propositions (*201'5—-56) are concerned with Pa and 


p‘P“a, i.e. with the predecessors of some part of a class and the predecessors 
of the whole of a class. 


*2015. +: Petrans.>.P“P “aC Pa [*37:33-201] 


SECTION A] TRANSITIVE RELATIONS 513 


7 
*201'501. F: Petrans. 9. Ps ‘Pig CPx = [#53301 . #201°5] 
- 
#20151. F:Petrans.). Pty icq C pi Pa 


Dem. 
Εν 571. 4081. 56:. xe Pp Pa ~=i(qy)izea.0,.yPeraPy: 
[*5‘31] X:zea.2,.2P%z (1) 
Ε.(1}. 2011. 3 bt. Hp. 3: Pp! Pa, Di zea. 2,.0P2: 
[*40°51] 2: cep! Pa: 3b. Prop 


*201°52. |: Petrans.3.PySa= PMav(an CP)  [#91°543 . *201-18] 
- - 
Ἐ201.621. Ε: Petrans.2eC'P.3.Py'e=Piavita  [*201°52 . κ8'301] 


#201°53. |: Petrans.>.Py“P a= Pa [*201°5°52 . *37-265] 
-- - 
520164. Ε: Petrans. >. ΒΡ ας p'P a [*201°51°52] 
*201'55. +: Petrans.3.P“(av Pa) = Pa 
Dem. 


F.*2015.5F:Hp.d.PMa=P au PUP 
[*37'22] = P(av Pa): 3+. Prop 


The following proposition is a lemma which is used in *205°192 and 
*206°24, 


*201°56. +: Petrans.8@C βίᾳ. ὃ. 
«-- 
P (av B) = Pap Pau B) a OP} =p Pan OP) 


Dem. 
Ε. #3722. DE.P“(auvp)= Pau PKB (1) 
Εν ΚΘ 7.2. DE:Hp.d.P“BC PMP “a, 
{*201°5] >. PBC Pa (2) 
F.(1).(2). D+: Hp.3.P (av A) = Pa (3) 
F.#40°51 . κ8 7.268. 9 


-- 
ΕἼ ΗΡ.2 :.2εΡ" Ρ' (αι ΟΡ). Ξεβα ΟΡ.3: 
yeanOP.d,.yP2z:(qy).yeanCP .2Py: 


[*10°56] Di (qy).aPy.yP2: 

[¥34°5.Hp] >:2Pz (4) 
Εν (4) 084051. Db: Hp. dD. p!P (an OP) Cp PB a OP). 

[422-621] >. Pan OP) = Pan OP) ap PB a OP) 
[440°18.437°22] = pf P“\(au β) CP} (5) 
Ε.(3). (ὅ). DF. Prop 


The following propositions, to the end of the number, are concerned with 
the relation P, defined in #121. We may regard P, as meaning “immediately 
precedes.” *201°6°61'62 are lemmas for *201°63. 
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*201°6. &:Petrans.~(2P2).~(yPy).cPyy.3.0(P=P)y 


Dem. 
F .#121°32-242.5 ΕἸΗΡ.9. ων φ)πύαν ἐν Ρ( τὸ 
«-- 


[*201:19] =iaviyy Plan Ply (1) 
bt .*121°321 .*201'18. Dt:Hp.d.aPy (2) 
Ε.(2). κ1914. It: Hp.dI.c+y (3) 
-'  - 
Ε.(1). (8). 454532412111. 5b: Hp... Plan PyCieuiy (4) 
.«- - 
Ει 3 99:18.181. DF: Hp.d.are Par.yre Py (5) 
«-- > 

Ε. (4). (5). Dt: Hp.3.Paan Py=A. 
[*34°11] >. (2P?y) (6) 
F.(2).(6).3F. Prop 

*201'61. |: Petrans.3.P+P°*¢P, 

Dem. 
Ε. Κ121.242. χΧθ015]1. .ΕΎΨΡΥ. 2. Ῥί(σειψπξιαν εν P(c—y) (1) 
- " - 
Ἐν (1). Ἀ20119.3 :. Ηρ. 9: Ρν.32. (σε )τ αν ψνίΡα αι ΡΒ) (2) 
-- 

Γ.κ94.11. Dhin(ePty).>. Pan Py=A (3) 

+, #38454. ΕΣ ΡΥ οὐ εν). ιν (4) 

Ε, (2). (3). (4). DF: Hp.d:aPy.n(2Py). 3. P (ary) =e vty. ty 

{*54°101 | >. P(cryje2. 

[Κ12111] ιν τι D+. Prop 

Ἀ201.62. Ε:. Petrans.~(¢Px).~(yPy).3:2Py.=.0(P+P*)y 
[*201°6°61] 


«201-63. +: Petransa RIN.>.P,=P+P* [¥201-62] 


The above proposition is of fundamental importance. The relation P, 
(defined in *121) plays a great part in the theory of series. It is the relation 
“immediately preceding.” Its domain consists of those terms which have 
immediate successors; its converse domain, of those that have immediate 
predecessors. In well-ordered series, D‘P,= D‘P, while C‘P, consists of all 
terms (except the first) which do not belong to the first: derivative (cf. *216). 
In any series, (ΚΡ —(*P, consists of all the terms which are limits of 
ascending series, and D‘P — D‘P, consists of all the terms which are limits of 
descending series. 


*201-64. +:. Petrans.D:P+P=A.=.P=P 
Dem. ; 
Εν *23-41 . Dt:Hp.o:P=P.=.PCP, 
[*25°3] =.P+P?=A:.>+. Prop 


*201°65. bt: PetransaRIJ.3:P,=A.=.P?=P [2016463] 
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When P is a series, P?= P ig the condition for its being a compact series, 
«6. one in which there are terms between any two. In virtue of *201-65, 
this condition is equivalent to P,=A, which states that no term has an 
immediate predecessor. 


The following proposition is first used in #253°521. 
*201-66. +: Petrans.E! P's. Ρ αὰ. 2. (Ρ Pix 


Dem. 
F.*201°521 .*121-11.5 
«- =) 
F:.Hp.3:(P%&) Piz. =. (Pv P§P%2) (αν Pleye2 (1) 
F.*53°31.>+:Hp.d. 
ς- - «- 
(USPfau ΡΙΡια) a (fa Pla) ΞΡ υ POP £2) 9 (αν Uf Pf) 
[430'32.%22-68] = eu Pee (2) 
F.#5426.3:Hp.d. (feu if Pir) e2 (3) 


F.(1).(2).(3). 54. Prop 


*201°661. | : Petrans.d‘Pel.q!D‘P—A‘P.3.d°PC AP, 


Dem. 
Ε.3393.151 4. «60°38 . > 


F:Hp.yeD‘P-Q‘P.5. Pryel. γος Py. Pry = OP. 
[5533] 9. ΕἸΡῳ. yt Py. Pty = OP, 
[#201°66'11.#12126] >. yP,(P*y).uPty = ΠΡ: Db. Prop 
The above proposition is a lemma for the following. 
#201662. f: Petrans.q! BP..q! OP -C'P,.>.0'Prel 
[*201°661 . Transp] 
This proposition is first used in *253°521. 
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Summary of #202. 


A relation is said to be connected when either it or its converse holds 
between any two different members of its field, te. when, if ὦ, yeC’P.a+y, 
we have #Py.v.yPx. Thus the field of a connected relation consists of a 
single family, anless the relation is null, in which case it has no families. 
Conversely, a relation which has one family or none is connected. Connection 
is necessary, in addition to transitiveness and asymmetry, in order that a 
relation may generate a single series. If Ἃ is a class of transitive or 
asymmetrical relations, s‘A is transitive or asymmetrical; but if A is a class 
of connected relations, s‘% is not in general connected. Hence if 18 a class 
of series, A is not one series, but many detached series. This is one reason 
why the arithmetical sum of a relation of relations is not defined as s‘C*P, 
but as &C'P ὦ F3P (cf. #162), because the latter, but not in general the former, 
is connected when P and all the members of C‘P are connected (*202°42). 


When P is connected, if a is any class contained in C‘P, we have 
CP = Pq uau (OP np P"a), 
and there is at most one member of a belonging neither to Pfa nor to 
CP a p' Pa. This member of a, if it exists, is the maximum of a. If, 
further, P?GJ (ie. if P is asymmetrical), (Pavan (OfP np’ Pa) =A, 
Thus when P is both connected and asymmetrical, Pa va and ΟΡ a pPXa 


are each other's complements, and the two together constitute the Dedekind 
cut defined by a, Pau a being all the terms that do not follow the whole of 


a,and ΟΡ a pi Pa being all the terms that do follow the whole of a. 
More generally, if a is any class, not necessarily contained in C‘P, then 

when FP is connected, we have 

Ο.Ρ.- pt Pa nOP)\C Pau(anC*P), 
and when P is asymmetrical, we have 

Pau(anOfP)CCP -ρΐριᾳ, 

Thus when both conditions are fulfilled, we have (*202°503) 

ΟΡ ρίζα α ΟΙΡὺὴ)- Pau(anC*P). 


The above inclusions and the consequent equality will be constantly 
required throughout what follows. The division of C*P into the two mutually 
exclusive parts 


PYau(an OP) and OP np'P“(an OP) 


SECTION A] CONNECTED RELATIONS 517 


is the Dedekind “cut” defined by the class a. If aCC*P, the two parts 
become, as above mentioned, 
P*aua and ΟΡ ἃ pt PXa, 
If, further, a is not null, they become 
P“ava and pi PK a. 
If a is contained in C‘P and contains all its own predecessors, they become 
a and ΟΡ n pt Pa. 
In this simplified form, Dedekind “cuts” will be considered later (*211). 
We take as our definition 
connex = P {we C*P «Dy Pa = CP} Df. 
Some of the propositions of the present number are analogues of 
propositions in *200 and #201. Such are: If P is connected, so is 


P (#20211); if P is connected, so is any similar relation (*202°211); A and 
xy are connected (*202°3°31); if P is connected, so is Pf a (*202'33); and 
various propositions connected with relation-arithmetic (*202'4—'42). The 
majority of the propositions of this number, however, deal with properties 
peculiar to connexity. Among the most important of these are: 
-» «- 

*202°101. Ε:. Peconnex.S:r7eC'P.D,.Pievitav Pa=CP 
*202°103. fs: Peconnex.=12,yeC'P.3,,:0Py.v.c=y.v.yPr 

These are merely alternative forms of the definition. 


*202°13. +: Ry econnex.=.F,, ¢connex 


*2025. F:i.Peconnex.P?CJ.ayeCP.diaty.v(aPy).=.yPe 
*202°'501. F: Peconnex.3.O*P—a—P"al piP(a a CP) 

#202503. fF: Peconnex. P?CJ.5.C0°P ~ pf PH(a nC8P)=(an OfP) v Pha 
202505, k: Peconnex.>. OP = Pfau (an OP) u {OP n p'P*(an ΠΕΡῚ 
#20252. +: Peconnex. 9 BP, BYP eQul 

4202°524, |: Peconnex.q! BP .>.0'P = BYP 


#20255. +: PD aeconnex.aCC’P.avel.3.C'Pha=a 


In virtue of this proposition (and others) if P is a series and a is a class 
(not a unit class) contained in C‘P, P{a is the generating relation of the 
series consisting of the class a in the order which it has in the series P. 


#2027. +&:Peconnex.3.P+P%elol 


This proposition is to be taken in connection with *201°63. The two 
together show that when P is a series, P, is one-one. 
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oe 
#20201, conner = P {xe C'P.3,.P'x=C'P\ Df 
e 
For the definition of P‘z, see *#97°01. 
= 
«2021. +s. Peconnex.=:r2eOP.3,.P'e=CP [(*202°01)] 
- «- 
#202101. Fk:. Peconnex.=:26OC'P.d,. Ρῳυιυ Px=C'P 


[*202°1 . *97°1] 
© 
#202'102. k: Peconnex.=.P“CSPe0ul [*97:231 . #202101] 
*202°103. Ε τι Peconnex.=:.2,yeC'P.3,,:¢Py.v.c=y.viyPa 
[*97°23 . *202'102] 


*202'104, F:: Peconnex.=i.a,yeCP.cty.d,,:0Py.v.yPa 
[%202°108 . 5-6] 


#20211. +: Peconnex.=.Peconnex [%202°104 . *33'22] 


& « 
Ἀ20212, -F:.q!P.3:Peconnex.=.P“CPel,=. POOP ΟΡ 
Dem. 


+. #2021. >: Peconnex.= PHOP ςιΟΡ (1) 
Εν 3 71,.4ὅ. 9 Εν Hp. Digi POP : 

([*54°102 | 9 PH Pme 0: 

[Κ202102] >: Peconnex, > P“orp el (2) 
Ε. #2027102. Dt P“Cep el. >. Peconnex (3) 
Ε. (2). (8). >b:.Hp.>:Peconnex.=.P"O"P el (4) 
Ε.(1). (4). #5246. 5¢:. Hp.3:P econnex. 2 PUP = “OP (5) 
F (1). 22 42, DF PMP =('O{P.3D. Peconnex (6) 


Ε, (4). (5). (6). +. Prop 

The following propositions, down to *202°181 inclusive (excepting 
*202°16:161), are concerned with Ry and R,,. It often happens that these 
are connected when 2& is not so, e.g. if & is the relation +,1 among inductive 
cardinals. 


*202°13. Ff: Ryeconnex.=.R,, ¢connex 
Dem. 
F.*202'104.9 


Fs: Ry econnex.2:.7,yeO'Ry ct y. Dey: 0hyy .ViyRyet: 


[*91°542] Ξε yeORy 0 F ys De yt CRY eV «YR ft» 
[*90°14.491°504] = τ 2, yeO"Ryy ety. Dzyt@Ryoy -V-YRyoh :. 
[*202°104] =:.R,, econnex:: +. Prop 


*202'131. ΕἸ: Peconnex.C‘P=O'Q.PGQ.>.Qeconnex [*202°103] 
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*202'132. | : Peconnex. >. P,,, Py ε connex 
[#202°131 . #90°14°151 . %91°502°504} 
> & 
*202133. ΕἸ TPOSPEP.D:. Peconnex.=:2eC%P.9,.C8°P= Pau Pe 
Dem. 


- 
Ε.185101.2 :-.- ΗρΡ.9:Φε0Ρ.3.. Ὁ Pex (1) 
+. (1). *202101 . >. Prop 


#202134. Fis. ΠΡ OSPGP.D::Peconnex.=:.2,yeC*P.9,,:0Py.v.yPa 
[*202103] 
#202135. fF: Peconnex.=. Pu If 6} econnex 
Dem. 
F.*202°134. Dh: Pulf CP econnex. =:. 
ayeCP.D,,:a(PulfCP)y.viy(PulfCPya:. 
[*202°103} =:. Peconnex:: D+. Prop 
-» «- 
Ἀ202.136, Ε το Pyeconnex.=i:aeC'P.D,.C'P = Pyfau Βα 
[*202°133 . Κ9014.15] 


*202°137. Ε τι Py econnex.=:.a,yeC'P. 3d, ,:0Pyy Vi κα 
[*202°134. #9015] 


*202'138. F:. Petrans. 3: Peconnex.=.Pyeconnex [*202°13 .*201:18] 
420214 F:ReCls—r1.d. Biot Ryfeeconnex [#96303 . ¥202104] 
*202:141. Ε: Rel Cls.9. Rf Rete e connex [n20214 τ . *202°11] 
420215. Ε: Rel—v1.D« Root Hye econnex 
Dem. 

Εν 97.18.5}: ἐν, 1: Ryle. Dy, εἴ ἜΧΕΙΣ ν. y,26 μα. ν. 

ye Fee 26 Rye. ν. ye Rylan ze Ryle (1) 
F .*202'141°104.3F 2: Hp. rey, 26 Rey e.yte2.I:yh,a.v-@2Rh,y (2) 
Εν 202 14Φ104. Dk:: Hp. Di. y,2 ¢ Ryfa -YFz2.DtyR, @eV«eLRyyy (3) 
F . 90°17 Dh rye Ryle. ze αν te. D.yRyz.y +s. 


[91.542] >. ΨΕροΣ (4) 
Similarly Fry εἯ κω .2 ¢ Ry‘ ¥YH#z2.D.2R yy (5) 
F (1) « (2). (8). (4). (5)«2 

Fiz:Hp.3:.y,26 Rye Y #22 ἢν, εἰ YRyoe «Ve eRyoy (6) 


F .(6).*202:104. 55. Prop 


The above proposition is used in the ordinal theory of finite and infinite 
(*260°4). 
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-ὉὉ 
4202-16, +:Peconnex.2,y¢'P.~ (Px). ~(yPy). Pa=Py.>.0=y 


Dem. 
F.*8218181.5+:Hp.d.~(¢Py).~(yP2). 


f*202°103) D.c#=y: Ft. Prop 


> > > 
#202161. Ε: Peconnexn ΒΓ... PP OfPel—+1. Ph CP e(PiP)smor P 
Dem. 
Εν #20216. ΕΗ Hp. dia,ye OP. P'a=Py.d.0=y (1) 
Ε.(1). #7155 . #15124. 54F. Prop 


- - 
#202162, |: Peconnex.P,, 5.7.9. PD» PyiPsmorP. PE| ΡᾺ [ΟἽΡε]ῖ-}} 
Dem. 
> - 
Ε.Ἀ9613. Db: PD Pyfe= PE Pyfy.a: 
-- 
uPv.u,ve κα. Sy, UPv.u,ve Pyy (1) 
L.(1).#111.#90°12.> 
~ > 
ΕἸ ΟΡ PD Pyic= Pt Pyfy.d:aPy.yPyr.=.2Py.aPyy: 
yPa.yPyn. =. yPx.aPyy: 
(*90°151.*91'52] Di:aPy.D.a¢P,,¢:yPa.d.yP oy (2) 
- 
ΒΕ. (8). Dh: Hp.a,yeOP. Pt Pyfa= Pt Pyty sD. (@Py) ov ψῥα). 
[*202°103] D.c#=y:Dt. Prop 


#20217. F:P,,econnex.yeP(aHz).>.P(tHy)uP(yHz)=P (#42) 


Dem, 
F. *201°1415 . #121:103.5 


Fi: Hp.d.P(@Hy)CP (az). Ρίψει) CP (tH 2) (1) 
Εν #202'13'137 . *121'103.3 
F:.Hp.weP(eriz).I:wPyy.viyPywiaPyw.wPyz: 
[*121'103] DiweP(tHy)yu P(yRHz) (2) 
F.(1).(2). 54. Prop 
*202°171. +: P,,econnex. ye P(#Hz).3. 
Ρ(-.2)-5- Ρίω--ψ)υ Ρ (ν --14). (ων: 2)- Ρ (σε ψὴν Ρίψε- 2) 
{Proof as in *202°17] 
*202:172. Ε: P,,econnex.ye P(a@—2).3. 
P(w-y)=P(@ay)y P(y—2)- P(@—y)u Pye 2) 
[Proof as in *202'17] 
420218. +:P.,econnex.E! BP .>. (‘P= Py BP 
Dem. 
© 
F.*2021.3+:Hp.d.CP=P,,‘BP 
«- 
[%97-2.%91°504] = Py! BSP: D+. Prop 
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*202181. +: P,,econnex. E! ΒΡ. ΒΓ ΒΙΡ.3..ΟἹΡ = Ρ(ΒΙΡ 4 BP) 
Dem. 
<— > 
F.*20218.5+:Hp.d.0°P =P, BSP a ΡΟ ΒΡ 
[#121103] = P(BSPHB‘P): 3+. Prop 
The above proposition is used in the ordinal theory of finite and infinite 
(#2612). 
The following proposition is a lemma for *202'211, which shows that if a 
relation is connected, so are all similar relations. 
*202:21. +: Peconnex.Sc¢1—»Cls.>.S9)P econnex 
Dem. 
Εν #150202. Dh::Hp.d:.a,yeCSP.cty. dia, με ΟΡ Ἐν: 
[*71°4.%30°37] 9 : (qz,w).z,weO'P .2=S2e.y=Swiztw: 
[*202104] Ds(qz,w):a=Stz.y=Sw:2Pw.v.wPs: 
[150-4] D:2(S5P)y.v.y(SiP) a (1) 
Ε. (1). Κ202104. D+. Prop 
The proofs of the three following propositions proceed like the proofs of 
the analogous propositions in *200 and *201. 
#202211. Fk: Peconnex. Qsmor ἢ. D>. Qe connex 
*202'212. ΕἸ: Peconnex. 9. Nr‘P C connex 
*202'22. +: Peconnex. 
*202°3. +. A econnex 


. ΝΡ C connex .=.q! Nor*P n connex 


Dem. 
Εν 43729. h: P= A.D. PHOP RA. 
[*202°102] >. Peconnex: DF. Prop 
*202'31. Εν | yeconnex 
Dem. 


Ε. κὔδ᾽1ὅ. 9 1. 2,0 ἐσ ῳ ν).3: 

σζιιυεια.ν. 2, εν. ει“. ισευψν.Φευ νου εἴ: 
[e51-15.413 172] 9: τεσ ν. τε «ὐτε ιν. Ζτεμ ἰὐτεῶ 
[#5515] Diz=w.v.z(e@lLyw.viw(el yz (1) 
F.(1).*202'103.. +. Prop 


*202:33. +: Peconnex.>. Pf ae¢connex 


Dem. 
b.nd741.Dbhia,yeC*Pla.Dd.2,yea.u,yeCP (1) 
Εν (1). Ἀ902108.9 
k:i:Hp.Ds.a,yeCPRa.Dia,yearaPy.ver=y.viyPus 
[*36-13] D:a(Play.v.a=y.v.y(Pfae (2) 


Ε. (2) .*202'108. D>. Prop 
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The following propositions (*#202°4—42) are concerned with applications 
of relation-arithmetic. 


*202'4. |+:P,Qeconnex. 3. P*£Qeconnex 

Dem. 
b. #16014. ΞΕ s.2,yeO(P$Q).=: 

awyeC*P.v.cyeCQ.viceCP.yeCQ.virceOQiyeCP (1) 

+. *202108.>h::Hp.DdiayeCP.DiaPy.v.c=y.viyPa: 
[*160°1] Dia(PHEO)y.v.c=yviy(P#EQ se (2) 
Similarly Fi: Hp. D:.2,yeCQ.D:a(P#Q)y.v.c=y.viy(PEQ« (3) 
Εν #1601. #35108. Db: eeOP.yeCQ.D.a(PEQ)Y (4) 
F,*160'1 95 108. ΞΕ ΣΦε CQ. yeCP.D.y(PEQ)& (δ) 
Ε- (1)..(8). (8). (4). (δ).9 
btisHp.dnayeC(PtQ).d:0(PEQ)y.v.cay.viy(P4*D= (6) 
F (6). *202°103. 3. Prop 

The above proposition illustrates the reasons for defining P Φ @ as was 
done in *160. When P and ᾧ are connected, Pw Q is in general not con- 
nected: it is the additional term C‘P 7 C‘Q which insures connection. 


*202401. F:.C*PACQ=A.3:P#Qeconnex.=.P,Qeconnex 
Dem. 


F.*20233.5Db:P#Qeconnex.3.(P£OQ)E CP, (PLO) CQ e connex (1) 
F.(1).*1605.5F:.Hp.d:P#Qeconnex.D. P,Q connex (2) 
F .(2).%*202'4. D+. Prop 


#20241. F:Peconnex. 2. P+ 2 connex.z¢+P ¢« connex 


Dem. 
Ε. ἈΠ61142, Dba yeO(P +2). cty. 3:0, ye(OP viz). arty: 
[%51°236] Dia,yeCP .at+y.vineCP.y=z.viyeOP.c=z (1) 


Ε. (1). #202104. 9 
Fi: Peconnex.3:.a,yeC(P +2).24y.9: 
wPy.v.yPa.veceOP.y=ziviyeOP.as2z: 


[*161:11] D:ia(Ppz)y.viy(Pp2je@: 

[#202104] >:. P 426 connex (2) 
Similarly +: P «connex.D.z¢}+ P «connex (3) 
F .(2)-(8). DF. Prop 


#202411. Εν} ytezeconnex [*20241°31] 


#202412. Fs. z~eCSP. D:Peconnex.=.P 4 zeconnex.=.24¢+P econnex 
Dem. 

F.#*16116.3-:Hp.d:P=(Pp2 TOP: 

[*202°33] >: P+ zeconnex. >. Pe connex (1) 

Similarly K:.Hp.d.2¢ Peconnex.).Peconnex (2) 

F. (1). (2). 202-41. . Prop 
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*202'42. +: Peconnex.O*P Cconnex. >. 2‘P ¢ connex 
Dem. 
#16222. Db ra,ye CORP. =.(qQ,R)-Q, ReOP.veOQ.yeOR (1) 
Εν (1) .*202103.> 
Fs: Peconnex.3:.2,yeC%S‘P.D: 
(a9, 2): QPR.v.Q=R.Q, Re OP.v. RPQi:reCQ.yeOR (2) 
F.#*16213.3+:QPR.v.RPQ:reCQ.yeOR: 3d: 
a(S'P)y.vey(2*P)xe (3) 
F.#13:195.D6:(qQ,R).Q=R.Q, ReCOP.cceCQ.yeCR.D. 
(4Q)-QeOP.2,yeOQ (4) 
Εν. ΚΩΟ2108. Db τ CSP Cconnex .3:.(qQ). Qe CP. a, ye CQ. 9d: 
(HQ): QeCPraQy.vic=y.v.yQe: 


(*162°13] Dia(S'Py)y.viv=yeVviy (ΣΙ Pa (5) 

F.(4).(5).D 

ks: ΟἿΡ Cconnex.3:.(qQ, RB). Q=R.Q,ReCP.ceCQi.yeCR.D: 
a(S!P)yy.v.v=y.viy(2*P)e (6) 


Ε.(2). (9). (6). 3b:: Hp.d:. 
ayeOXSP.D:a(3'P)y.vic=y.viy(2*P)ae (7) 
F.(7).*202103 . >. Prop 
*2025. +: Peconnex. PP? CJ.ayeOP.d:¢4+y.~ (ePy).=.yPx 
Dem. 
F.*5043. Dk: PCJ. D:yP2.3.~(aePy) (1) 
.*20036. DFi PCJ.O:yPr.D.x+y (2) 
t ,*202104.5h:. Peconnex.a2,yeC'P.Diaty.r(ePy).d.yPae (3) 
F.(1).(2).(8). DF. Prop 
The following propositions (#202°501—'51) are concerned with the relations 
«-- 
of Pa and p'P“(an C’P), They are important, and 5202.501᾽δ08.ὅ05 will 
be often used. 


«-- 

Ἀ2ΟΖ25Ο1. ΚΕ: εοοηποχ. 9. ΟἿΡ --α-- Pa pi P (an OfP) 

Dem. 
b.*13°14 4871. 0b: yeO'P—-a—Pa.cea. dD. c+y.~(yPx) (1) 
Ε, (1). Κ202108. D+: Hp. diyeC’P—a—~Pa.cveanOP.3.aPy: 

«-- 
[*40°53] D2 ye  --α-- Pa. Dd. yep’P (an OP): D+. Prop 
-- 

ἈΩΟ2 502. ΕΣ Peconnex. P?GJ.qtanC*'P.3.0'P—a— P a= pi P“(an CP) 

Dem. 


«-- 

ΕἸ 4062. Dt: Hp.d.p'P (an ΟΡ)ς OP (1) 
ya 

F.*2005. Dk: Hp.d.p!P(anCP)C—a (2) 
ee 

+. #200°53.5+:Hp.d.p'P*(an OP) C ~ Pa (3) 


Εν (1). (2). (3). #202501. 3+. Prop 
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«-- 
202. 603. k: Peconnex. ΡΟ υ.95. ΟΡ —p'P“(an OP) =(an OP) vu Pha 
Dem. 

_ 

F . #202501. *2443.5:Hp.d.C°P—piP(an OP) Cau Pa (1) 
«-- 

Ἐν(1). *22°43., Dt: Hp.d.C'P—p'P“(an OP) C (αν Pa) an ΟΡ 


[422°68.437°15] C(anO'P)u Pa (2) 
«#200536. Db: Hp.d.an OP C—p'P*(an OP) (3) 
Εν *200°33 . Dh: Hp.d. PaC—p'P*(an OP) (4) 
b.#2243.48715. Dk.an OP COP, Piat OP (5) 


b. (8). (4). (5). Dk: Hp.d. (an OP) u Pal OP -- pP"(anO'P) (6) 

b .(2).(6).D« Prop 

4202504. t: Peconnex. PCJ... 0'P np’ P“(an OP) = ΟἹ —a— Pa 
Dem. 

Εν 4200536. Dt: Hp.d.p'P“(anO’P)C—a a 

+. *200°53 . DF: Hp.d.pfP (an ChP)C — Pa (2) 

Εν (1). (2). #2248. bs Hp.d.0°P np’ P“(anO'P)COP—a— Pa (3) 

F (3). *202°501.>+. Prop 

202-505. ΕΞ Peconnex.D. C'P = Pla u (an OP) u (OP a p'P(a a O'P)} 
Dem. 

ΒΥ ¥202-501. Dk: Hp. >. CP —a— Pap’ Pan OP). 

[*24°43] D.CSP Cav Pav (ptP“(a aC*P)}. 

[*22°621.437:15]. ΟΡ τ (αν OfP)u Phau (ΟΡ p Pa aCP)} iD. Prop 

*202'51. Ε: Peconnex.aCC'P.qia.>. 


-— κ — 
CP = PWavaup’P a= Phavavu pi Pa 


Dem. 
ε- 
F. 4ΟΌΣ, D+: Hp.d.piP aC ΟΡ (1) 
Ε. 2202]. 5Ε:Η͂Ρ.9. ἀπαλοΡ (2) 


-- 
Ε. (1). (8). #202505. DF: Hp.d.0'P = PMavaup'P a (8) 


v > 
Εν (8) 5. 420211 . DF: Hp.d.C§P= Pfavav piP a (4) 
F.(3).(4). DF. Prop 


The following propositions (*202°511—'524) are concerned with BP. 
*202°52 shows that if P ε connex, P cannot have more than one first term or 
more than one last term, and *202°523 shows that this still holds if only Py 
is connected. #202°511 shows that if P is a connected relation which has a 
first term, then if a is any class, there are predecessors of the whole of 
an C*P when and only when B‘P is such a predecessor, and when and only 
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when ΒΡ wea, *202'524 shows that if P is connected and has a first term, 


G‘P consists of the successors of the first term. These propositions ar 
much used, 


*202°511. F:. Peconnex. E!B‘P.D: 
-- - 
aipiPanCtP).s.BSP~ea.=. BYP ep'P“(an CP) 


Dem. 
b .#202°104.#93'1.9F:.Hp. BSP wea. diwe(anC'P), 2,» (BYP) Pa: 
-} 
[κ40.81] 9: ΒΡεΡῬ(αα ΟΡ): (1) 
-} 
[*10°24] D:qipsP (an CP) (2) 
+.#93'1.5+:Hp. ΒΡ εα. 2. (a). “ΟΡ (ΒΡ). BiPeanP. 
= 
[*40°51] >. piP (an OP)=A. (3) 
-} 
[κ24.106] >. BP ὦ ἐγ P (an CP) (4) 
—> 
F.(2).(3).D': Hp.3:BfPwvea.=.qip’P (an CP) (5) 
- 
F.(1).(4). D+: Hp.3: ΒΡ. εα.Ξ. BS Pep’P (an CP) (6) 
Ε.(δ).(6). 9. Prop 
> sy 
*20252. +: Peconnex.3.B°P,BiPe0vul 
Dem. 
1493108. = ka, ye BP.D.a,yeOP.aneM'P.yreM'P. 
[*33°1 4] > ow, ye CSP 1 (a@Py) «wr (y Pa) (1) 
-} 
Εν(1). #202108. 3+: Hp.d:a,ye ΒΡ, d.e=y: 
- 
[κ63.4] >:BPe0ul (2) 
—_— wv 
F.(2).*20211. Dt: Hp.d. ΒΡεθνῚὶ (3) 
F.(2).(3).9F. Prop 
- -- 
*202'521. +: Py econnex. >. BSP Cp! Py OCP 
Dem. 
Ἐν 902:18:108.9 
—> 
ki:Hp.3:.¢e BSP. ye OP. ιν Vv. t=yeVi YP oe (1) 
—_ 
+.#91504. Dt rae BSP. D.~(yP, 2) (2) 
--- 
Ε.(1).(2).9 Ἐ:ῊΡ. 2 τ: Φε ΒΡ. γε ΟΡ. ιν. ὠτεχὶ 
[Κ91.84] | D:¢Pyyi1:D. Prop 
~> => 
*202'522. +. BSP = BP, [*91°504] 


—> 
*202°623. +: Py econnex.3.BSPeQ ul [*202°13'52°522] 


— ς- 
Ἀπ 202. 624. Ε: Peconnex. ῃ 18.}.9.Ἐ }Ὀ}Ρ-}4Β.Ρ 
Dem. 
+ .*20252. 3+: Hp.d: EI BP: 
[%202'104.493 108] DJ:veU‘P.3.( BSP) Px (1) 
F.(1).*33:151.55. Prop 
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The following propositions (*202'53—-55) are concerned with relations 
with limited fields. Such relations are constantly used in the theory of series. 


#20253. +:Qeconnex. PCJ.QEP.3.Q=Pf CQ 


Dem. 
b.«8317.*38613. Dk:. Hp. dseQy.D.a(PLCOQ)y (1) 
+. *50°43. Dt: Hp.diaPy.d.~(yPx). 
[¥23°81] > .~(yQz). (2) 
F,*200°36. Dt:.Hp.d:e2Py.d.e+y (3) 
Ε. (2). (3). #202104. 34: Hp.dia,yeCQ.aPy.3.aQy: 
[*36°13] Dia(PELCOy.d.aQy (4) 


F.(1).(4).9F. Prop 

This proposition is important in series. If P and @ are serial relations, 
and QG P, they verify the above hypothesis; hence if ᾧ is a series contamed 
in a given series P, Q is simply P with its field limited. Thus series contained 
in a given series are completely determined by their fields, 


#20254. +: PD aeconnex.anO§Pre1.3.04¢Pha=anC'P 
Dem. 


F.*52:181.) 

Fr: Hp. Din cweanGP.d,:(qy).yeanOP .yten: 

[*202'104] Dray): yeanCP:aPy.v.yPa: 

[*36°13] Dei(qy)ia(Ppaly.v.y(Pp ae: 

[*33°132] D,:ceC*PPa (1) 
b.*87'4115°16.3F.C’PDaCan ΟΡ (2) 


F.(1).(2). DF. Prop 

The above proposition is frequently used. *202°55, which is an immediate 
consequence of *202°54, is used incessantly. 

The following proposition is used in *232°14. 


*202'541. +: Petransn connex.anC*Prel.>.(Ph ay = Pyl a 
Dem. 

F.#201:1833.5t:Hp.3.(Pha)y=Phau lf (CP a) 

[202-541] = PhawIS(C'P na) 

[*201-18.%36°'23.%50°5] =Pyfa 

*202'55. &:PPaeconnex.aCC'P.avel.d.C’Pha=a [*202°54] 


> > 
*20256. +: Peconnex.PGJ.2eC6P.BCOP.POMBCPe.3.8C Pe ute 
Denn. 


— 
ΕΟ ΚΟΥ. JE:PWBCPe.yeB.cPy.D.0Pe (1) 
t.(1).Transp. +: Hp.ye8.2.~(@Py) (2) 
-_> 
Ε, (2). 8218. DF: Hp. ye B—P'a.D.0(xPy).~(yPz). 
[*202°103] D>.y=ae:Dt. Prop 


The above proposition is used in *212°652. 
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*2026. :: Peconnex.PCJ.D:.0,yeCP.czy.5iaPy.v.yPa 

Dem. 
Ε΄ *202°104. DF::Hp.dia,yeCP.rzy.diaPy.v.yPe (1) 
F.*50°11.*83°17.5b:: Hp.d:.2Py.v.yPard.a,yeC'P.x+y (2) 
F.(1).(2). 5+. Prop 

The following proposition is a lemma for *202°62, which is itself a lemma 
for *204°52. 
*20261. F::Peconnex.P CJ: 46(#,y)+S2,,-6(¥,e) ti. 


PY + Doy P(e yi zie, yeOP Ἐν. Iny+ Φ (2,y) 
Dem. 


F.*2026. 9 Ετ:. Hp. Disa ye CP. ct ys Dany  Gh(@Y)! 
ePy Vv. yPeiDzy+ P(E, Y) 1. 


[4°77 } =3.0@2Py. Dey. PO ("yt yPe. Daye h(e,y) i 
[x4r85.Hp] =:.0Py.3,,-6(@,y):yPe. Izy. h(y, 2) τ. 
[*4°24] Ξ: ΩΡ. ἢ. ν «ᾧ (ὦ, y) i. IF. Prop 


4202-611. t:. Peconnex. ΡΟ, ἔπ Κι 3ΊΡΕ ΚΞ  ΟΡΕᾺ 
Ry 
«20261 —— 
(2, y) 
#20262. +:.Peconnex.PGJ.5: Pe Relexcl,=.F9PGJ 
Dem. 
+. 202-61. #1631. +i: Hp.d:. 


PeRelexcl.=:QPR.392.CQnCR=A: 
[24°37] =:QPR.ceOQ.yeCR. do pzy ΦΈΨΙ 
[*150°52] =.2(F3P)y.I2,,.eF7 yn Ib. Prop 


The three following propositions (*202°7—:72) are concerned with P+ P%. 
Of these, *#202°7 is important: it shows that if P is connected, no term can 
have more than one immediate predecessor or successor. *202°72 is used in 
*20471, which is an important proposition. 


*202°7. +:Peconnex.3.P+Pel— ol 


Dem. 
+. #345. Transp. d+ :2P2.~(yP').d.~(yP2) (1) 
Similarly bs yPa.~(2P?2).3.~(2Py) (2) 
F.(1).(2). Db y(P+P)a.2(P+P*)@.3.0(yPz) .~(2Py) (3) 
F.(8).*202103.3+:.Hp.d:y(P+P*)a.2(P+P)e.3d.y=2 (4) 
Similarly F:.Hp.3:2(P+P*)y.e0(P+P)z.3.y=2 (5) 


+t. (4). (5). Db. Prop 


— - 
Ἀ2Ο0211. +: Peconnex.2(P+P*)y.9.Py‘y = κα 
Dem. 
~ -- 
Ε. 91.52.9 Ὲ: ΗΡ.9. Ρκς Poy . (1) 
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b.x9157. 3b 2P oy. 31: 2Py.V.2P,,| Py: 


[25°41] D:2(P—Pyy.v.z(PAP)y.vez(Poo|P)y: 

[*91°502] D:2(P+P*)y.v.2(Poo| P)y (2) 

Εν 2021. DF: Hp.2z(P+P)y.3.2=2@ (3) 

+ .(2).(3). DF: Hp.zP,,y.2Fa.3.2(P,|P)y. 

[5941] >. (qw).2P,.w.wPy (4) 

b.*34'5 . Dt: wPy.cPw.d.0Py (5) 

+. (5). Transp. DF :. Hp. wPy.d:~(#Pw): 

[κ202:108] I:wPe.v.w=e@ (6) 

t.(4).(6). DF: Hp. 2Pioy.2¢e.DizPyt-v-(qw)-2zPi ow. wPe: 

[91-511] 29:2} 9. (7) 
-» -- 

Εν (7). 01 δ4,. ΞΕΣΗΡ.2 ρον ΟΡ (8) 


F.(1).(8). DF. Prop 


> 5 
#20272. +: Petransnconnex.2(P+P)y.9.P%y= Pia ve 
[202-71 . *201:18°521] 


*2028. +:Qeconnex.Se PsmorQ.CQnB~el.d. 


» 58 e(PES8) amor Qt β 

ΜΠ D+: Hp.>.SPBel—>1 (1) 
Εν 435-64. 4151-11. Db: Hp.>.d(Sps)=CQaB 

[4202-54] =C“QEB) (2) 

Εν #15037. >+:Hp.>d. (SP 8)}Q= Ρ 8.8 (3) 


b .(1).(2)«(8). DF. Prop 
*202'81. +:Qeconnex. Se Psmor Q.9.(P[S*8)smor QF 8 
Dem. 


+. *202'8. Dt: Hp. CMQn Brel1.3.(PES“8) smor Qf β (1) 
+ .*86°138.4383°17. IEECQnP=r'y.d.QD βοῶν}. (2) 
b.*3613. 2 τ. Ηρ (2). 3 τ (ΟΣ B)y-=- yQy (8) 
Ε.(2). (8). 85.341. 9 ΓΊΗΡ (2) νῶν... Οὐ R8=yly (4) 
Εν. 85,64. 415111. D+: Hp.d.d(Shey=CQnB (5) 
F. (4). (δ). 9 Γ:Ηρ(4).9. (((8} 8)Ξ5 (0 8) (6) 
+. k71-29.%15037. DE: Hp.d.SfPRel 1. ΡῈ δ. - 5'(Οἢἢς 8) (7) 
F.(6).(7).*1511. It: Hp(4).9. (Pf SB) smor Of 8 (8) 
Ε.(2). (9). κὅδ᾽'841. 3+: Hp(2).(yQy). 3. QD B=A.. (9) 
[(7).*150°42] >.PES“B=aA (10) 
+ .(9).(10). #153101. Ε: Hp (9). >.(PE.S“8)smor Qt B (11) 


F.(8).(11).4521. OF: Hp.CQnBe1l.3.(P[S“8)smorQf 8 (12) 
F.(1).(12).3+. Prop 

The above proposition shows that if Q is connected, and any class £ is 
picked out of C*Q, and P is similar to Q then Q arranges @ in an order which 
is similar to that in which P arranges the correlates of 8. 


*204. ELEMENTARY PROPERTIES OF SERIES 


Summary of *204. 


In this number we give the definition and a few of the simpler properties 
of series. Most of the propositions of this number result immediately from 
those of *200, *201, and *202. Our definition is 

Ser = RI‘/ ὦ trans nconnex Df. 


We have 
*20416. +: PeSer.=.Peconnex.?CJ.PCJ.=.Peconnex.P,, CS 
either of which might have been taken as the definition. 


After a few propositions giving other possible forms of the definition of 
series, we proceed to a set of propositions which follow immediately from 


those of *200, *201, and *202. Such are 
*204'2. t: PeSer.=. Pe Ser 
#20421. bk: PeSer. PsmorQ.).QeSer 
«204-24. +, A eSer 
*20425. Fievty.=.xe| yeSer 
Another important proposition on couples is 
#204272. k:. PeSer. 3: D'Pel.=.Pe2,.=.7'Pel 


so that couples are the only series having unit classes for their domains or 
converse domains. 


We then proceed to a set of propositions on Pre, We have 
*204:33, +:.PeSer.2,yeO'P.D ety. Ply C Pix .=.yPe 

Also, if Pe Ser, Pf C‘P is a one-one and PsP smor P (*204°34°35). 

We then have some propositions (*204°4—°44) on relations with limited 
fields. The most important of these are 
*2044, +: PeSer.>. PD aeSer 
*20441. F:P,QeSer.QEP.3.Q=PE CQ 

This proposition is important, since it shows that any series contained in 
a given series is wholly determined when its field is given. 


We have next a number of propositions (*204-45—"59) applying relation- 
arithmetic to series. The first set of these (*204'45—483) are concerned 
with the proof that if a “cut” is made in a series, the series is the sum of 
the two parts into which the cut divides it, where the sum is taken in the 
sense of *160 or *161, according as one part of the cut does not or does 

R&W I 34 


530 SERIES [PART V 


consist of a single term. Most of these propositions do not require the 
full hypothesis that P is a series, but only some part of it. Thus we have 
for instance 
#20446. -:Peconnex. EH! BSP.d0‘’Pwel.d. 

P=B'P4 PEOP.NréP=i14+Nr(Pt 6“Ρ) 
with a similar proposition for B‘P and D‘P (#204°461). 

We next prove that if P, @ are mutually exclusive series, their sum 
(P # Q) 15 a series, and vice versa (*204°5); that if P is a series to which a 
does not belong, P +> a and « +P are series, and vice versa (*204°51); that 
if P is a series of mutually exclusive series, its sum >‘P is a series (#20452); 
that if P, Q are series, so is P x Q (#20455); that if P is a series of series, 
ΠΡ is contained in diversity and is transitive (*204°561), while if P is also 
well-ordered, 1.6. such that every existent sub-class of ΟἿ has a first term, — 
then ΠΡ is a series (*204°57); and that if P and Q are series, and Q is well- 
ordered, then P® and Pexp@ are series (*204'59). These propositions are 
essential to ordinal arithmetic, but they will not be referred to again until 
we reach that stage (Sections D and E of this Part). 

We have next a collection of propositions (*204°6—65) on py’ PMa for 
various values of a, and finally three propositions on P,. Two of these are 
much used, namely 


#2047. +-:PeSer.3.P,el +l 
> = 
*204-71. +: PeSer.¢P,y.3.Py= Prev itz 


*20401. Ser=RI‘Jntransnconnex Df 
*2041. +: PeSer.=.PGJ.P°CP.Peconnex. 
=.PeRItJ.Petrans. Peconnex [(*20401)] 
#20411, t:.PeSer.2:PGJ.P@ Pine O'P.D_. Pinu ve Poa= OP 
[204+] . #202°101] 

#20412. ΕἸ: PeSer.=:.PGJ.P*G@P:.a,yeCP. Dz y: 
aPy.v.casy.v.yPoa [204°] .*202°103} 

#204121. F:: PeSer.=:.PGJ.P°CPiuayeCP.aty.dz y: 

ePy.v.yP«e [2041 .*202:104] 
#20413, +: PeSer.d.P°CJ.PAP=A 


Dem. 
Ε, #2041 .*23-44.5+:PeSer.d. GJ. Petrans (1) 


F.(1).#20112.3+. Prop 


#20414. b:PeSer.=z.PaAP=A. PGP. Peconnex 
[2041 . #50°47] 
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*20415. +:Peconnex.??CJ.P2>E/7.5.Petrans 


Dem. 
Ε. 946, DEA PCJ. O:aPy.yPz.3.e2+42 (1) 
b.x5041. Db: PEC J.D: 0Py .yPz.3.~(zPa) (2) 
F.(1).(2). 9+: Hp.diaPy.yPz.3.¢+2.~(2Pa). 
[*202°103] 2.2Pzi.>+. Prop 


#204151. f: Peconnex. P,, GJ.3>. Pe trans 
[*204°15 . *91°502°503'511] 

#20416. ΕἸ PeSer.=.Peconnex.P?CJ.PCJ.=.Peconnex. PJ 
[*204°15°151 . *200°36 . *201'18] 


We have also 
Fk: PeSer.=.Peconnex. PCJ. 


For, by *200°37, since P* = (P?)} = (P?¥, it follows that 
PEJ.9.PCJ. PCI, 
A relation such as el yuy|zuzla, where «+y.y+2.2+2, satisfies 
Peconnex. 2? GJ, but not P?E J. On the other hand, 
elbyvylzuzi~wouwle 
satisfies P?C J.P? GJ, but not P «connex. 
42042, +: PeSer.=.PeSer [%20011.*201:11 .¥20211] 
#20421. +: PeSer.PsmorQ.3.QeSer 
[*200°211 . *201°211 .*202°211] 
#20422. +:PeSer.>.Nr‘PCSer [20421] 
#20423, +: PeSer.=.N r‘PCSer.=.q! Nor‘Pn Ser 
[200-22 .%#201°22 . *202°22] 
#20424. +.AeSer [*200'3 . *201°3 . *202°3] 
#20425. Fiaty.=.e¢]yeSer [#20031 .*201°31 .*202°31] 
«20426. Fiaty.ete.yy2.30-e2)b ypzeSer 
[*200°31'41 . *201°411 . *202°411] 

The three following propositions deal with couples. Conples often 
require special treatment, owing to the fact that, if P is a couple, 
PE D‘P =A, so that 0“ PE D‘P)+D*P, whereas in any other case, if P is 
a series, C“(P[D‘P)=D‘P. Hence the following propositions are often 
required. 


#20427. +: PeSer.2Py.D'P=1'@.9.P=aly 


Dem. 
bt. xd3'14. DF: Hp.zPw.d.2=2 (1) 
b. (1). #5024. 5+: Hp.zPw.d.wte. 
| (1)-Transp mt D.~(wPy) (2) 
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Ε. (1). Transp. *50'24. ΕΞ Hp.9.~ (yPw) (3) 
+. (2).(8).*20412. DF: Hp.zPw.d.y=w (4) 
F.(1).(4).5+:. Hp. d:2Pw.d.z=2.y=w (5) 
Ε΄. (5). #55°34. 2 Εν Prop 

Ε 


04.271. Ε:ΡεΒο . Ρ 1.32. εξ, 


Dem. 
+.*20427.>Dt:Hp.d.(qa,y)-P=aely. 


[20425 | 9. (ὦ, ν) ΦΈΨ. P=aly. 
[κ8611] D.Pe¢2,: 3+. Prop 
4204-272. Ε:-. PeSer.3:D'Pel.=.Pe2,.=.0'Pel 
[#204-271-2 . 56-111] 
#2043. b:.PeSer.ayeCP.diety.~(yPe).=.0Py 
[*202°5 . #20413] 


> - =) 
#20432. +:.PeSer.a,yeCP.3:PyCPa.=.ye Paves 


Dem. 
b.x2041. Db: Hp.d:yPae.zPy.9.2Pe: 
-- 


Ὁ 
[92:18] ιν 2. ΡΒ Pe () 
-» - 
Ε.κ29.42., Ε: γε. 2. Py CPx (2) 
> > = 
F.(1).(2).D:. Hp. diye Pievie.d. Py CP er (3) 
> ς- 
F.*x20411.5+:.Hp.dsyre Pru tie. d.ye Pa. 
—> 
(#3218181 ] D.re Py (4) 
-} 
+.*5024. DF: Hp.d.ere Poe (5) 
- -- -Ὁ 
Ε.(4). (δ). Db: Hp.dsyre Pau te. 3. ὦ (ΡΟ Ῥω) (6) 
Ε.(8). (6). 9 Ε. Prop 


> Ὁ 
*204:33. +:.PeSer.2,yeCP.d:¢4+y. Py ΡΞ να 
Dem. 
> 52 > 
+.*20432.3DF:.Hp.dDi:e4+y. Py C Pw.=.e4%y-ye Paulie. 


-- 
[8115] Ξι ΦΈΜΙΨΕΡα. 
[Hp.*4°71] =.yPa:.3+. Prop 


The three following propositions only require P ε Rl‘J nm connex, but are 
required for application to series, and are therefore convenient in the form 
here given. 


*204:331. F:. PeSer. 2, yeC*P.D Pig = Pry, =.c0=y 
[*202°161 .*7155] 


— “} “-} 
*204°34, +: PeSer.>.PhC\Pel—»1.PhCPe(PiP)ysmorP [*202°161] 
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--- 
#20435, +:PeSer.>.P»PsmorP [#20434] 


This proposition shows that the series of segments which have immediate 
successors is like the original series, for a segment whose immediate successor 
— 


- 
is 2 18 .Ρέω, and the series of such segments is P> P. 


The following propositions (*204'4—-44) are concerned with relations with 
limited fields. 


"2044. +: PeSer.>.PDaeSer [%20033 . *201°33 . #20233] 
*20441, £:P,QeSer.QGP.9.Q=PEL CQ [20253 . *20413] 


In virtue of the above two propositions, the series contained in a given 
series are the relations resulting from limitations of the field; the process of 
limiting the field is merely the process of selecting a part of the original series 
without changing the order. 


#20442. F:.PeSer.3:QeSer.QCP.=.(qa).Q=Pla.=.QeD PP 
[κ204.4.41] 

#204421. +: PeSer.>.SernRiMP=D*‘PP [κ204.42] 

#20448. +: 2?EP.PGJ.QGP. Qeconnex.3.QeSer 


Dem. 
Ε. 281. κ84.55.2 τ. Hp. Dd: aQy.yQz.d.aPz. 


[*50°43.Hp] D.~(2Px).2+2. 
[*x23°81,Hp] D.~(2Qa). v2, 
[202-103] D.aQz: 

[*34°55] >: Q@CQ (1) 
+. x23'44.5F:Hp.3.QGJ (2) 


+. (1). (2). *2041.54+. Prop 
*204-44. +: PeRi‘J nq trans.>.RIfP nconnexC Ser [*204°43] 


The following propositions (*204-45—'483) are concerned with the division 
of a series into two parts, one of which wholly precedes the other. The case 
where one of the parts consists of a single term requires special treatment, 
and so does the case where both parts consist of single terms, 1.6. where the 
series is a couple. 


*20445. +: Peconnex.aeCl*C‘P—1.P“aCa.B@=CP—a.Brel.o- 
P=PLatPte.Nr'P=Nr'Pha+Nr‘Pf p 
Dem. 

Ε, 24.411. κ98.17.9 :: Hp.d:. 
ΦΡν.Ξιμψεαι Ρν νι Φεαιψεβιωβνν. αἰ εβιρῳ (1) 

Ἐν. 3717 . Dr:.Hp.d:yea.cPy.d.vea (2) 

F.(2). Transp .*202103.3+:.Hp.diyea.veB.d.yPa (3) 

b . *202°55 . D+:Hp.d.a=CPha.B=CPERB (4) 


534 SERIES [PART V 


F.(1).(2).(8).(4). 9: Hp. o:. 


aPy.2:2(PRa)y.v.cveCPha.yeCPl B.v.2(PE By: 
[%160'1] e:a{PLat PE Bly (5) 
b.(5).#*180°32.3+:Hp.>.Nr6‘P=NréPh at NriPE eB (6) 


b .(5) «(6)» 3 Εν Prop 
#20446. +: Peconnex.E! ΒΡ. ΠΡ ΟΟε1.5. 
P=BSP4+ PEG‘P.Nr‘P=14Nr(Pf dP) 
Dem. 
F .*202°524. Dt:i Hp.di:¢#=B Pye P.d.ePy (1) 
F.(1).#l6L111.3 6: Hp.d:.2(BSP 4 PE U‘P)y.=: 
c= BYP.yeUP.aPy.v.a,yeAP.xPy: 


[*93°103] =rreCMP.yeA'P.aPy: 
[*33°1417] =:aPy (2) 
Ε. (2). 1819. Dk: Hp.d.Nr‘P=14Nr(Pf 6’ Ρ) (3) 


Ε.(2). (3), DF. Prop 
4204-461, +: Peconnex. E!B‘P.D‘Pwel.>. 
P=PtD‘P +» BP. Nr‘P=Nr(Pt DP) +i 
[Proof as in *204°46] 
¥204°462. F:. P,Qeconnex. EI! BSP.U°Pvel EI! BSQ.0Q~el.3: 
PsmorQ.=.P[d‘Psmor Qf Τῷ = [*161°33 . #20446] 
#204463, §:P,Qe RI. EI BSP.TPel EI BQ.dQel.o. 


Psmor@. Pf d‘Psmor Qf a‘Q 
Dem. 
+.45637. Db:Hp.>.P, Qe, (1) 


b .%200'35.D+:Hp.>.PEGP=A.QEaQ=A (2) 
Ε. (1). (2). #153'202°101 . 5 
F:Hp.>.PsmorQ. Pf d*Psmor Qf AQ: D+ . Prop 

*20447. +:. P,Qeconnexn RISLJ.E! ASP. 18.4.3: 


Psmor Q.=.P[d‘Psmor QF d*°Q 
Dem. 


F . #15118 . #20035 . *202°55 . #153102 .D 

F:Hp.d‘Pe1.d*Qve1.3.~(P smorQ).~(Pf OP smar Qf 9) (1) 

Εν (1) 204-462-463. DF. Prop 

*204°48. ΕἸ: PeSer.3:. 
E! BSP.=:(qQ).q!Q.Nri'P=14Nr‘Q.v. Nr‘P= 2, 


ῳ 


Dem, 
b.4#20446. Dt: Hp. E!BP.d'Pve1.3.(qQ).NrfP=14+NrQ (1) 
b.*1612. DkiqiP.NriP=i+Nr°Q.3.q!Q (2) 


Ε.(1).(2. DF: Hp. E!BP.d‘Pvel,2. 
(qQ)-a!Q.Nr‘P=14Nr‘Q (3) 
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b. #204272. ΞΕ: Hp.dPel.d. Pe, (4) 
F,(3).(4). Dt: Hp. E!BP.d: 
(q@).4!Q.NreP=14Nr'Q.v.NrP=2, (5) 
F.#*181'11:12:32.D5+:NrfP=14Nr‘Q.3. 
(qh,z).RsmorQ.zr~e CR. No P = Nr‘(z+>R) (6) 
F.elGL1S12.obi.qih.zreCR.O: EIB (z+ ΚΕ): 


[¥151°3] >: Nr P=Nr(24-R).D.ELBP (7) 
F.(6).(7). DE:Nr'P=i¢NrQ.q!Q.d.E1 BP (S) 
+. *153°281.D+:P62,.D.E! BYP (9) 


F.(5)-(8).(9). DF. Prop 
*204'481. F:: PeSer.D:. 


E! BP. 2:(qQ).q1Q. ΝΡ Έ ΝΟ ΕἸ .v.NréP=2, 
[Proof as in *204°48] 


#204482. F::ae Nor Ser.D:.aCU‘Bi=:qland‘B: 


=:(q8).Be NR-10,.a=146.v.a=2, 
Dem. 


F.¥1515.#15513.5h:.Hp.d:aCd‘B.s.qtand‘B (1) 
Ἐν #2042348 . Dk::Hp.Pea.d:. 

E! BSP.=:(q8).BeNR-10,.a=148.v.a=2, (2) 
Ε.(1). (2). #20252, 5+. Prop 


#204483, F::ae Nor Ser. :.aC0(B|Cnv):=:q!an {Bj Cnv): 
=:(q8).BeNR-'0,.a=8+1.v.a=2, 
[Proof as in *204-482] 
The following propositions are concerned with the application of relation- 
arithmetic to series. 


#2045. +:P,QeSer.PanCQ=A.=.PRQeSer 
(*200°4 . #201°401 . *202°401 } 


#20451. +: PeSer.avreCP.=.PpereSer.=.2¢ P Ser 
{#20041 . *201°41 . *202°412] 


*204:52. +: Pe Rel?excl n Ser. C’PCSer. 2. ΣΡ Ser 
Dem. 
+. #200°42. #20262. Db: Hp. >. SP GS (1) 


+. (1). *201-42 . κ909. 45. 9. Prop 


#20453. Ε:. PeReltexcl. Ane C'P.3: 3*Pe Ser. =. PeSer. OPC Ser 
Dem. 

b, *200°423.5F:.Hp.2*PeSer.3:PGd: (1) 

[*200'421] 3:QeOP.3.Q=(SP)E CQ. 

[*204'4] >. QeSer (2) 
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+. #162713.) 

t:.Hp.2'PeSer.QPR.RPS.ceCQ.yeCRizeCS.D:0(2P)e: (8) 

[4162°13.4163-11) D:(qM,N). MPN .ceC'M.zeON.M=Q.N=S.v. 
(q¥M).MeCP.cMz.M=Q.M=S8: 


[κ18.29:195] 5:QPS.v.Q=8 (4) 
F . (8). #5024. #24°37. Dk: Ηρ (8)... 010. 6 OSHA. 

[*24°57 .*30°37 ] 2.Q0+8 (5) 
+ .(4).(5). D+:. Hp. 2*PeSer.3:QPR.RPS.D.QPS (6) 
+, *1621.>+:.Hp.3'PeSer.QReCP.ceCP.yeCQ.QtR.dt04y: 
[*202'104] D:a(2'P)y.viy(2P)a: 
[4162°13.4163°11] >:QPR.v.RPQ (7) 
+, (6).(7), DF: Hp. 2‘PeSer.>. Pe trans n connex (8) 


b. (1). (2). (8) #20452. 9 Εν Prop 
*204:54. +: Pe Rel’arithm ὦ Ser. ΟΡ C Ser. C'S*PC Ser. 3. 33 “Pe Ser 


Dem. 
b.*20452.Dh:Hp.d.2*PeSer (1) 
+. #1743. Dk: Hp.d. ΣΡ e Rel? excl (2) 
Ε.(1). (2). #20452.954+. Prop 


#20455. +: P,QeSer.3.Qx PeSer 


Dem. 
Ε. #16527 . 4204-22 . Dh: Hp.I:qiP.d.P1iQeSer (1) 
Εν. *165°26 . #20422. DF: Hp.d.CP lige Ser (2) 
F. (1). (2). κ] 65:21 420452. Dh: Hp. qiP.d- ΣῚΡ | 3QeSer. 
[5166] >.Qx PeSer (3) 
F .*166°13 . #20424. DF: P=A.3.Qx PeSer (4) 


Εν (8). (4). DF. Prop 
¥204551. Fi.q i P.g!Q.9:Px QeSer.=.P, QeSer 


Dem. 
b .#165°21:212.Dh:.Hp.3:P | iQeRePexcl. Ane CP 1 5Q: 
5} 5 
[*204°53.4%166-1] 2:PxQeSer.=.P)3QeSer. CP 1 iQCSer. 
"3 ’? 


[*165°27.%204-22] . P,QeSer:. DF. Prop 


#20456. F:COPCRIV.D.0°PGS 

Dem. 
Εν #17211.5+: ΜῸ(ΠΡ)Ν.3. (10). Qe OP . (MQ) Q (N*Q) (1) 
Ε.(ὺ. - DF:. Hp. >: MIP) ND. (10). ΜΘ NQ. 
{*30°37.Transp] >.M+N:.5+. Prop 
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#204561. Fk: PeSer.C*PC Ser. 9, 0‘Pe Ri‘d ὦ trans 
Dem. 
t.*20043.3F::Hp.d: L(0P)M.M (IP) N.D: 
=> - 
(πῷ, R).Q, Re ΟΡ. (L°Q) Q(M*Q). ΔΕ R(NR). LT PQ=MPP. 
Mt PR=NP PR: 


[*204°12] 
ταῦ )rQ=#av. QPR.v. RPO: LQ) Τῷ). (Mt) RNR). 
LY PQ= MPP. MP PR= NV ER (1) 


+. 42041.3+: Hp. L(0P)M. MEP). 
ῳ- κὶ. Be LQ) QM ῳ). (MIR) RNR). LP PQ MP PQ, 
MP P'R=N} PR. D.(L'Q)Q(NQ).LEPQ=NPPQ (ἢ) 
Εν x204°33. > 
hip. L(I‘P)M. M (11+P) N.QPR. (LQ) Q(M*Q) «(M*R) R(N'R). 
LY PQ= Mt PQ. MT PR=NPPR.D. 
LE PQ=NPPQ.MQ=NQ. 
[1312] >. LPPQ= NP PQ. (LQ) Q(NQ) (3) 
Εν #20433. > 
fr Hp. L(U*P) M.M(IIP)N. RPQ. (LQ) Q(M‘Q). ΠΕ) R (WR). 
Lp PQ=MPPQ.MPEPR=NPPR.D. 
LP P‘R=N} PR. LAR= MR. 


[41312] >. LP P*R= NP PR. (LR) R(NR) (4) 
Εν. (1). (2). (8). (4). #20043. D 
bk: Hp.d:L(0‘P)M.M(IP)N.D.L(TP)N (5) 


Ε. (5). *204°56.295. Prop 

In order to prove that ΠΡ is connected, we require a further hypothesis, 
namely that P is well-ordered, 1.6. that every class contained in ΟΡ and not 
null has a first term. 


*204'562, Ε: OP CSer:aCO'P.qla.De-qla—P“a:>.I1‘P econnex 


Dem. . 

Εν #172711. κ93.45. Transp. 

ἘΠΞΉΡ.9: ΜΙ ΝΕΟΡ.ΜΈΝ.9: (40). θέε ΟΡ. ΜΟΈΜΟΩ: 

[Ηρ] D:(qQ): θε ΟΡ. MQ4ENQ: RPQ.9n.-MR=NR: 

f*204°121.417212] D:(qQ): Qe CP: (MQ) Q(NQ).v.(NQ) Q (MQ): 
RPQ.32-MR=N RE: 

f*l172°11] 2: M(IP)N.v. NMP) M (1) 

+. (1). *202:104. 54+. Prop 

#20457. b:.PeSer.C’P CSer:aCC'P.qla.d.. qia—P*a:>. II‘P e Ser 

[*204°561°562] 
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*¥204:58. Ε:. Pe Ser. 0*PC Ser. CS‘PC Ser. Pe Rel excl: 
aCOS'P.gla.Da.-qta—(Cnv'S‘P) a: 2. 1'S°P, MIP ¢ Ser 


Dem. 
F. #20452. DF: Hp.d.2PeSer (1) 
Ε. (1). #20457. 2+:Hp.. ΠΣΓΡ ε8εὲ (9) 
F . #17425. Db: Hp. dD. ISP smor ITP (3) 
Ε. (2) «(3) #20421. b: Hp. >. WP e Ser (4) 
F.(2).(4). +. Prop 
#204581. | : Hp *204°58. ΣΡ ¢ Rel? excl. 3. Prod‘Prod>P, Prod‘2‘P ¢ Ser 
[4174-46143 . 204-5821] 
#20459. bi. P, QeSer:aC OQ. glad. qia— (κατ . 
P® ¢ Ser .(P exp Q) ¢ Ser 
Dem. 
F.#165°27-241 . *204-22:24.3+:Hp.d. PY Ὁ « Ser (1) 
F .#165°26 . #20422. D>+:Hp.d.cP 4 Ὁ C Ser (2) 


b.#15022.87147. D+: BCOP | 3Q.q18.D.(qa).aCC'Q.qla.B=P | “a: 
"” δ 


[Ηρ] Dh: ΒΡ. eco | 3Q.q18.D-(qa)-qla-Qta.B=P | “a (3) 


b.a8745 Db gqla-Q“a.s.q! P| “(a Qa) (4) 
"3 

(4) ATLB81 #16522. 3 Ε 1 P. gla Qa. Dg IP | κατ PL Qa (8) 

I #72508. #16522. DhrytP.d.a=(Cav'P | eP | Ma (6) 


f .(5).(6) .DkraIP.gta—Qa.d.qiP | “oP | «<Q«(Cav'P LEP | a, 
[165-18] D.q iP “α-- (Cav LiQeP {a (ΟἹ) 
F.(3).(7), DF: Ap.qiP.d: 

BCOP {3Q.q!8.>.q18—(CovP LIQ" (8) 


Ε.(1). (2). (8). #204°57. SFr Hp. qi P.d. IP {7QeSer (9) 
F.(9). 4176-182 . #20421.5+:Hp.q!P.>.(PexpQ)eSer (10) 
F. #176151 , *204°24, Dt: P=A.>D.(Pexp Q)e Ser (11) 
Ε.(10). (41). D+: Hp.d.(Pexp Q)¢Ser (12) 
F.(12).%176°181 .*20421.5+: Hp. 9. P? eSer (13) 
F.(12).(13). >. Prop 


The two following propositions are lemmas for «204-62. 


v «-- -} 
*2046. Ε:είταῃβ,9 .αν PMaC piPp' Pa 


Dem. 
« - > 
b. #4053. 2D bir wepSP“p Pa. Sr yep Pa. dy yPar 
[*40°51] =12¢6a.2,.yPz:2D,.yP2 (1) 
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F.*10°26.3h:.2ea:zea.D,.yP2:>.yPa: 


[Exp.(1)] Dk:vea.d. # € p§ Pp! Pig (2) 
F.x101. Dri.ueasuPorzea.d,.yP2:2.yPu.uPs (8) 
Γ. (3). 2011.36: Hp. D:.uea.uPa:zea.d,-yP2:D.yPas. 
[37-105] D:.26P\a:zea.d,-yP2:D.yPa:. 

v - - 
{Exp.(1}] D:.26€Pa.d.xcep'P pi P a (4) 


F.(2).(4). DF. Prop 


— - νυ 
*204°61. +: Pe RI ὦ οοπποχ. 9. OP np! Pp! Pan CP) Cau Pa 
Dem. 


~ «- -» 
Ε.π200.5., ΞΕ: ΗρΡ.9.»"Ὀ“(α ἦν CP) a pi P pt P Man ΟΡ τλ. 
-ὔ» 


ς- -Ξ 
[#24311] 9. p'Pp Pla α COP) -- pp P“(an CP). 
- — - 
[κ99.48] 5. ΟΡ Δ Pp Pan OP) COP -- p Pan OP) 
[κ24’48.κ909506] Cau Par. Prop 


«- — v 
*20462. Ε: Ρεβογ. 9. ΟΡ α pi Pp P (an CP) =(an CP) vu Pa 
Dem. 
ω «- > 
Ε. 2046. ΚΞ 726ὅ.9} :Ηῆρ. 9. (α α CP) v Pal of Pp Pan ΟΡ) (1) 


+ .437°16 242243. Db. (an CP) Ρέας OP (2) 
«- -» v 
Εν *204-61 .¥2243.5b: Hp.d.C'Pa p' Pp P“(an OP) C(av Pa) a OP. 
- - v 
[37°16] D.OP ap Pp Pan OP) C(an OP) uv Pa (8) 


Ε. (1). (2). (8). D+. Prop 


~ «- -» v 
#20463. | :'PeSer.qip'P\a.2.p' Pp PMa=av Pia 
Dem. 
+, #4065. Transp. DF: Hp.3.aCOeP (1) 


- -ὦ 
Εν. %40°62. Dt: Hp.d.p'Pp' Pac OP (2) 
b. (1). (2) «20462. DF. Prop 


+~-—- => 
«204-64. Ε: PeSer.x2eD‘P.D. p{P "P= Pyar 


Dem. 
> ς- 
F. #4062. D+: Hp... piP* Pia COP (1) 
> ς- 
Ε. #40751. Dh:.zep'P"P%a.=:"Py.dy.2Py (2) 
> ε- 
Ε. (2). 5011. ΞΕ Ηρ. oi zeptP 'P ae. DiaPy.dy.24y: 
[(1).*202°103] I:2Pe.v.z258 (3) 
> 
F.#201521. DIF::Hp.Dd:.zePyie.=i2Pu.v.z=2: (4) 
[*201-1.*«13°12] D:aPy.D.2Py: 
ae 
{(2)] Di zep’P'P x (5) 


+ .(8).(4).(5). DF. Prop 
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The following proposition is used in *234101, 
> ς- - 
204 66. Ε: Ῥεῆονυ. φε ΟΡ. 9. ρ»ῬΡ ΟΡ. Pyke 


Dem. 
> — 

Ε. #402. 9b: Hp. are DSP... pfP OP an Pa=OP 

—)> 
{#20411} τ ρων ite 

--- 
[201-521] = Pybx (1) 

-» ς- - 

b. 40°62. #20464. 3b: Ηρ. ΔΈ Ρ.9.ρΡΑΡῳ ἡ OP = Pyke (2) 
F.(1).(2).55. Prop 
«204-7. +: PeSer.3.Pi,el—>1 [*201-63 . *202°7] 


On this proposition, compare the remarks preceding *201°6. 


-- .-- 
ΚΩΟ4 71. Ε: PeSer.aPyy.d.Py=Plavetx [#202°72 .*201°63] 
420472. ΕἸ: PeSer.d:.0¢P,y.2:aPy:2Pz2.2#y.39,.y4P2 


Dem. 
Εν 201 08. It: Hp.d:aPyy.d.x2Py (1) 
F.*204-71 .#121-:26.3¢:.Hp.2P,y.d :P'n= Py νι: 
[*24°4.3.%32°181] D:02Pz.2¢y.9,.yP2 (2) 
b.42443 04382181. Db. @Pe.2+y.9,.y4P2: >. Pia City Pry (3) 
fF. (3). #200361. OF: Hp:aPz.z2+y. D,.yPz:D. Plan Py= Δι 
(*34°11) Dw (aPy) (4) 
Ε. (4). Fact. bs. Ap: aPy:e2P2.2¢y.9,.yP2:3.0(P+P*)y. 
[*201°63] >.aPyy (5) 


b.(1).(2).(5). DF. Prop 
The above proposition is used in *274°23. 


*205. MAXIMUM AND MINIMUM POINTS 


Summary of *205. 


The minimum points of a class a with respect to a relation P are those 
members of a« which belong to the field of P but to which no members of a 
have the relation P; that is, they are those members of a which belong to 
C*P but have no predecessors in a. Similarly the maximum points of a are 
those members of a which belong to C‘P but have no successors in a. Both 
these notions have been already defined in *93, but they were there only 
used for the special purpose of studymg generations. Their chief utility is 
in connection with series, and it is in this connection that we shall now 
consider them. Many of the properties of maxima and minima in series do 
not demand the whole hypothesis “P ε Ser,” but only “P ε connex.” This is 
the case, in particular, with the fundamental property of maxima and minima 
in series, namely that each class has at most one maximum and one minimum. 
The minimum of a class, if it exists, is the first term of the class, and the 
maximum, if it exists, is the last term. The maxima with respect to P are 


the minima with respect to P; hence properties of maxima result immediately 
from the corresponding properties of minima, and will be set down without 
proof in what follows. 


It will be seen that the maxima and minima of a depend only upon an ΟἿΡ: 
the part of a (if any) which is not contained in ΟἿ is irrelevant. 
In accordance with the definitions of «93, the class of minima of a is 
—>- 
denoted by minp‘a, where 
—> τῳ 
min Κα το (an Ο΄}Ὲ -- Pa, 
the definition being 
minp = δᾷ {x e(an CP) — Pa}. 
Thus minp is a relation contained in εἰ When P is connected, we have 
=> 
minp‘aeO v 1, 1.6. (by *71°12) 
minp ¢ 1 -- Cls. 
It follows that, if « is a set of classes which all have minima, minp[« 1s a 
selective relation for «, 1.6, 
min Γ καὶ ἃ €4‘k. 
Owing to this fact, the existence of selections can sometimes be proved in 
dealing with series (especially with well-ordered series), in cases where such 
proof would be impossible if no serial arrangement were given. 


- 
The definition of minp is so chosen as to exclude from minp‘« whatever 


- 
part of α is not contained in C“P, and to make minp‘t‘a = t‘a, 1,6. minp‘ta = ὦ, 
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provided weC'P.~(xPx). For these two reasons we have to reject two 
simpler definitions which might otherwise be thought preferable. One of 
these would give 

-} Ψ 

minpfa=a— Pa, 
which might be obtained by putting 

minp=e+e|P Df. 
This agrees with our definition whenever aC CP, but not otherwise, since it 
-} a a 
includes in minp‘a any part of a not contained in C‘P. Hence it necessitates 
the hypothesis a C C‘P in many propositions which, with our definition, do not 
require this hypothesis, and in particular in the proposition 
Pe connex.>.minpfae Ov 1, 

so that instead of having (as with our definition) 


Peconnex.>.minpel > Cls 
we should only have 


P econnex. >. minpf ΟἹ e1 > Cls. 


For these reasons, this definition is less convenient than the one we have 


adopted. 
The other definition which suggests itself is one which will give 
- > 
minp‘a= ΒΤ a. 
If this definition were adopted, we might dispense with a special notation 
- => 
altogether, using B‘Pf a, ΒΙΡΓ α in place of minp‘a, minp‘a, This definition, 
however, has the drawback that, ifael and PCJ, 
PLa=A, 
so that we have 
- : 
minp‘a= A when ael.aC CP. 
This necessitates the addition of the hypothesis a~wel (as in *204°45 above, 
for example) in cases where, with our definition, no such hypothesis is 


—_—- 
required. If we take B‘a4{P, instead of B‘Pfa, as the class of minimum 


> w 
points, we secure minp‘t‘s =a when P GJ and ze DP, but not when we BYP 
Thus we still have exceptions to provide against which do not arise with the 
definition we have adopted. 


The first few propositions of this number have already been proved in *93, 
but are repeated here for convenience of reference. 


The propositions of this number are numerous and much used. Among 
the elementary properties of maxp and minp with which the number begins, 
the following should be noted: 


> - -- 
*205°12. F, BSP = minp*D*P = minp*C’P 
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L 


#205123. :maxp'a=A.=.anO*PC Pa 
~~ -Ὁ 
Ἀ20514. Ε΄ πιϊηρίατε ίσεα α C'P.an Ῥέα τε Δ) 


Ε 
Ε 
: -- 
*205°15. Ε΄ τηϊηρ(α ὦ CfP) = minp‘a 
Ε 
Ε 
Ε 


4 


*205°16. 
*205°18. 

- - v > ν 
*205°19. +: Petrans. >. minp'a= minp“(a v Pa) = minp* Py “a 
#205194. F:eminpa.d.~(#Px) 


ΓῚ χη» Δ ΞΞ A 


ΞΡ). ὧδε] Ὁ. minp t's = maxp't's = ἃ 


Owing to this proposition, we can sometimes dispense with the hypothesis 
PGJ in propositions about minima which would otherwise require this 
hypothesis. 

-- 
*205°197. Ε:..} ε Β] n trans. Dive C*P.=.e2=maxp( Px v ι') 

Our next set of propositions (*205-2—-27) introduces the hypothesis that 
P is connected, or transitive and connected. The chief of them are 
*205-21. &:Peconnex. EH! minp'a. yean ΟἿΡ -- μταϊηρ'α . >. minp'a Py 


Te. if the minimum of « exists, it precedes every other member of an C*P. 


υ «- 
*205°22. +: Petransn connex, Εἰ Ἰη1ηρία. 9. P“a= P minp‘a 

1.6. the terms which come after some part of ἃ are those that come after 
its minimum (when the minimum exists). 

> & <— 

*205:'25. Ε΄ minp’Pfa=(P+ P*)e 

We have next the fundamental proposition: 

~ - 

*205°3. &:Peconnex.3.minpfaeQul.maxpacOvul 
whence 


*205°31. &:Peconnex.).minp, maxpel—>Cls 
which leads to 


*205'33. |: Peconnex.«C U‘minp.. minpf xe εδ' κα 


This proposition is useful in the theory of well-ordered series. Observe 
that “«C U‘minp” means that « consists of classes which have minima. 


We have next a set of propositions (*205-4—44) dealing with the 
relations of minp‘a to BSP a and Bfa|P; next we have propositions on the 
relations of the minima of two different classes, of which the most useful is 


*205°55. &:P econnex. B’Pea. 32. BSP=minp*a 


— 
We have next various propositions on ρ΄’ Ῥέα αὶ CP), of which the chief is 


-- -Φ 
*205°65. |: Petransn connex. HE! minp‘a.). p*P(an CP) = Pminp‘a 


Ie. the predecessors of the whole of a class contained in C‘P are the 
predecessors of its minimum (if it has one). 
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A useful proposition is 
5 > md 
*205'68. Ε: P“aCa.>.minp‘a= min (P,,)'a 

fe. if a isa hereditary class, its minima with respect to P are the same 
as its minima with respect to Py. 

We prove next that if P*‘a has a maximum, so has a (*205°7), and that 
if Peconnex, only a umit class can have its maximum identical with its 
minimum (*205°73). 

*205°8— 85 are concerned with relation-arithmetic. The chief proposition 
here is 

_ med 7? ν 
*205°8. ΕἸ Se PsmorQ.3.minpfa = S“ming‘ Sa 

Ze. in any correlation, the minima of the correlates of a class are the 
correlates of the minima. 

We end with two propositions on relations with limited fields. The more 
useful of these is 


- - 
*205°9. Ε:εσοηποχ ΚΟ ΟΡ. κου]. Ὁ. τὰ (Ρῇ «)fa=minp(an.x) 


42051. tieminpa.=.x2eanC*P— Pig [κ98.11] 
*205°101. f:amaxpa.=.v2eanC*P—P“a.=.xemin (P) a f*93-115] 
*205:'102. ΓΝ maxp = min (P) [¥93°114] 
420511. Ε΄. minpfa=an OP — Pa [κ98:111] 
4205111. Ε. mer ‘aman OP — Pia [κ98:116] 
420512. +. Bp minp'D‘P = ming ΟΡ [498-112] 
4205121. |. BSP = maxp"C'P = maxpiC"P [¥93°117] 
4205122. Ε: minp'a=A.=.an OPC Pa [#205°11 . #24°3] 
4205123. timaxp'a=A.s.an CPC Pa 

*205:13. Ε.ὕ minp! αν Pig = =(anOP)y Pq [¥22°9] . *205°11] 
4205-181. .maxp'av P“a=(anC'P)u Pea 

#20514. |. inp‘ =B{acanC'P.an Pa =A} [#*37°462 . *205-11} 
4205-141. +. maxpfa=2 joeanC'P.an P'x=A} 

420515. b.minp(an CP) =minp‘a [437-265 . #205°11] 
*205°151. +. max χρία α ΟΡ) -Ξ = maxp‘e 

20516, Ε΄. τὰ MASA [m205°11 . κ94.23] 
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-} 
*206°161. +. τᾶχρίλτ ἃ 
#20517. Ε- Φ εί(α α ΟΡ), ἢ, «οὐ(Ωα) τα ΟΡ ε1 10. 
- 


ΤΩ] (ἃ Ξε maxp’a=an OfP 


Dem. 
Ε.Ἀ1514.. Dts. ΗΡ. 9: εα. Py. Dey FY (1) 
Ε. #5216. ΕΣ Hp.dsa,yeanOP. dg y.t=y (2) 
Ε. (1). (2). 4388-17. 3b: Hp. Divea.cPy. de yeyred: 
[*37°1] 3: P“aC—a: 
[422/811] d:aC— Pq (3) 
+. (8). Ἀ20611. 5+. Prop 
#20518. Ε: ΟΡ) ve OP. >. minpt ae = maxpts =a 

Dem. 


> > 
+. #205°17.5D+:Hp.D. minp t's = maxp te = ue (1) 
Ε.(1). κὅ8.4.9 Ε΄( Prop 
#205181. Ε: aPy.~(a@Pa).~(yPx). >. minp (ta v ty) = 2 


Dem. 
Ἐν ΘΙ 105. DF: Hp. dD. are (ων ty). ye Pika ety) (1) 
b+. x3317. DE: Hp.d.eeuit'yCOP (2) 


-- 
Εν. (1). (2). κ2όῸ511. 3h: Hp. 9. υὐηρ(αυ ey) =~: D+. Prop 
¥205:182. Ε: P?CJ.e¢Py.2.minp (tev ty)=a 


Dem. 
Ε. #20036 . *#50'43. 9+: Hp.d.~(@Pa).~(yPr) (1) 


F,(1).%*205°181.>+. Prop 


#205°183. Ε:. ΡῈ J. Peconnex.a,yeC"P.9: 
minp (te v fy) =a .V.minp (ta v uy) =y 


Dem. 
+. #202103. 3h: Hp. d:a=y.v.aPy.v.yPu (1) 
+.*20518. DE: Hp.c=y.9. minp(t'ec vity)=a (2) 
+. #205182. 3+: Hp.aPy. 3. minp (ie vy) =a (3) 
F. #205182. 3+:Hp.yPa.>.minp(i'e vety)=y (4) 
F.(1).(2).(8).(4). D+. Prop 

> -» υ > » 
*205°19. +: Petrans. >. minp'a = minp(a υ P“a) = minp’ Py “a 
Dem. 


F.*205°11. DI. minp(a υ Ῥαῳ- (a υ ; Pity) n OP — P(a νυ Pra) (1) 
—_> 
b.(1).*201'55. 3+: Hp.>.minp(av Pq) = =(au P*q) n OP — Pity 
[*22°9] =an OP — Pity 
- 


[κ20611] = min p‘a (2) 
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+. #201'52.*37'265.2+:Hp.o. Pyfa= (an O*P)u P“(a nCP). 


[(2)] 2. inp Py! ‘a= ming! ‘(an OfP) 

- 
[%205°15] = minp‘a (3) 
+. (2).(3). IF. Prop 


> - - 
¥205°191. +: Pe trans. >. maxp*a = maxp(a v Pa) = maxp’ Py‘‘a 


- -} - 
#205°192. k: Petrans. β C P“a.>.minp (av 8)= minp‘a 


Dem. 
F. «20511. #201" 56.) 


t:Hp.o. minp'(a υ B)=(auB)n OP — Piq 


[*22°68] =(an ΟΡ -- Pea) (β ΟΡ — Ῥω) 
[*24°3] =anO'P— PH a 

- 
[*205°11] =minp'a: I. Prop 


- - 
#205198. +: Petrans.8 C P“a. >. maxp(av 2) = τιᾶχρία 
*205°194. +: a minpa.d.~(e#Pax) 


Dem. 
b.487105. Db. wea.aPa.d.ce Ῥέα (Q) 
Ε- (1). Transp. Dk: 2@ea—P“a.>.~(wP2) (2) 
Ε.(2). 2061. I. Prop 
#206195. k:amaxpa.3.~(#P2) 
*205°'196. | :. Pe Β] ὦ n trans. Dive ΟΡ. Ξε. ὦ = minp(t'e υ Ῥω) 
Dem. 
b.*20519.5+:Hp.D  minp“(tw UP*2) = minp't‘ : 
[*205°18] I:a2eC6P. D>. minp (ta υ Pez) =a (1) 
Εν #20511. br minp'(tfe uP’) =”... ὧς CP (2) 


Ε. (1). (2). +. Prop 


#205197. + :. Pe Ri J ntrans. DiveC(P.=.2= maxp'(P*a υ Ua) 


*2052. t:.Peconnex.E!minp’a.yeanC'P.D:minp'a=y.v.minp'aPy 
Dem. 

+. *202:103.53+:. Hp.3:yP minp‘a.v. minp‘a= y.v.minp‘a Py (1) 

b.*20514. D+: Hp. 9 «τ minp‘a) (2) 

Εν (1). (2). 5+. Prop 


In the remainder of the present number, when a proposition has been 
proved for minp, we shall not state the corresponding proposition for maxp 
unless it is specially important. When propositions concerning maxp are 
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required for reference in the sequel, we shall refer to the corresponding 
propositions for minp, in case no reference exists for maxp. 
*205°21. +: Peconnex. E! minp‘a. yean ΟἿΡ —e'minp‘a. >. minp‘a Py 
[*205°2] 
#205211. + : Pe trans n connex . E! minp’a. ye P“a. 2. minp‘a Py 
Dem. 


+. #37105. ΞΕ: Ηρ. 3. (ὦ). σεα. Ἐν (1) 
b.xl313. Dkreea.cPy.c=minp‘a.D.minp‘a Py (2) 
Εν %20521.3+:Hp.vea.aPy.2+minpa.>.minp‘a Pr. vPy. 

[Hp.*201-1] >. minp‘a Py (3) 


F.(1).(2).(3). 5+. Prop 


υ «- 
#20522. +: Petransna connex.E! minp‘a. >. έία -- P*minp‘a 
f¥205°211 . κ81.181] 


—p wv 
*205:23. +:Peconnex.veD‘P.ye BSP... aPy 


Dem. 
b.*93101.3D+:Hp.d.¢@+y.~(yPx). 
{*202°103 ] >.a@Py: D+. Prop 


a ς- 
*205°24. +: Peconnex.>.BSPCp*P “DP = [*205'23] 
- -- 
*205°241. +: Peconnex.3. ΒΡ Cp‘P“ASP = [Proof as in Ξ205:24] 
> ς- «---- 
#20525. Ε-Ἰηη».Ρ.-- (. γα 


Dem. 
> & & Ye 
+. *205'11. D+. minp’ Pa = Pla — P& Px 
«- ςε- 
[*37°301] = Pe — βίᾳ 
«---.-.- 
[*32°31-35] =(P+P*)'*.>+. Prop 


The following proposition is used in the theory of well-ordered series 
(4250°2). 


4206-251. ti qt min Pe. =.2eD(P+P%) [420525] 
*205252. bi qt max p! Pea ~=.neQ(P +P?) 
4205-253. b: Peconnex. E! BSP... (Ὁ = DBP [#202524] 
4205-254. +: Peconnex.E!B‘P.D.minpU'P= P= P* BP [¥205-253-25] 
4205-255, bi q!minp'CU'P. >. αἰ BP 
Dem. 
+. 493101. DE: BP=A.D.DPCOP. 
[437-271] >.0'‘P = Pear, 
[4205-122] >. minp'U'P =A (1) 
+.(1). Transp.3+. Prop 
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#205256. k:. PeSer.D: 
E! minp‘G‘P.=.E!P,‘BSP. =. τ, Ρ- PS BSP 
[205-254-255 . #20163 . #202°52'7] 
«205-26. +:QGP.5.minpf ClIC6Q GE ming 


Dem. 
b.437-201. 3b: Hp.aC0'Q. 3: Qac Pa.aCOQ.aC OP: 
[‘Transp.*22'621] D:a—P*aCa— Qa a=anOQ=anC'P: 
[*205°11] 2: rain pa ς ming‘a : 
[1218] D:zeminpa.I.xexminga:. JF. Prop 


- - 
*205°261. Ε: P[ Beconnex. β C’P~e1.3.min(Pf 8)fa= minp(an 8) 
Dem. 
b. #20511 . #20254. *37°413 . #3634. 5 


—> v 
+:Hp.d.min(Pf B)fa=an BaP — {Bn Pan B)} 
—> 
[*22°93.%205°11] = minp(an 8): D+. Prop 
—_> 
*205:262. |: Petransnconnex.vean('P. B=P avutw.2. 


7? 7? 
minp*‘a = minp*(an 8) 


Dem. 
F.x8218.3t:.Hp.yea.yPu.diyeanB: 
{37-105} D:yPz.2.ze€ Pa n B) (1) 
F.e5115.3D+:iHp.yea.y=a.diyeanB: 
[437-105] D:yPz2.d.26¢P“(anZ) (2) 
Fe5115.%2011. 3+: Ap. yea.cPy.yPz.d.vea.aPz. 
[¥37-105] D. 26 P(an 8) (8) 
F (1). (2). (3). #202103. 3t:.Hp.3: y ed. yPs. 2. zeP“(an 8): 
[¥37-105-2] 2: Pia = P*(an B) (4) 
b.x37-181 . 4202101. : Hp. >. PC Pa. Pca OP —B. 
[422-82] 5.6 - Pa CR. 
[*22°621.(4)} >. OP aa— Pia CP aanp- P(g nf). 
[*205°11] 2. minp ‘qs mina a n 8): 2+. Prop 


#205°27. t: Petransa connex.zean@'P. B= P'wvui'n. 2. 


=> > 
minp‘a = min (Pt 8)‘a= minp(an 8) 
Dem. 


-} 
b.#5241.5+: Hp. Ρωτ ῳ. 2. Brel. 
κ ed ~? 
[*205'261] . >.min(PE β}.α = minp"(an 8) (1) 
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-Ὁ «- 
Εν. Κ202101. ΞΕ ΊΗΡ, Ρωςιω. 2. Ρ-- πὶ Ρ  Ρῳ. 


[κ87108] >.0°P CP(an 8). 

[*205-122.%37°413] >. minp*(a nBy=A. min (PE B)fa=A (2) 
-- 

b.(1).(2).Dt: Hp. >. πῆη (ΡῈ β),α-- πήπρα ο β) (3) 


F . (3). *205°262.9+, Prop 
The above proposition is used in *250°7. 


- - 
*205°3. +: Peconnex.>.minp‘ecQul.maxp'acQul 


Dem. 

—_> 
F.#205'11.9h:.2,yeminp'a.I:a,yeanO'Pizea.d,.~(2P2).~(ePy): 
[10-1] Diayean CP .~(yPa).~(aPy) (1) 

- 
Ε.(1). *202°103.3+:.Hp.3:a,yeminpa.d.c=y: 
_> 
[πὸ 2.4] D:minpaceOvul (2) 
- 
Sunilarly F:.Hp.2:maxpacOul (3) 
Ε.(2). (3). Dk. Prop 


The above proposition is of great importance in the theory of maxima and 
minima. 
#20531. Ε: Peconnex.2.minp,maxpel—Cls [%205°3 .*71°12] 
—> 
#20532. :. Peconnex.3:q!minp‘a.=.E!minp**.=.aeCU‘minp 
[#205°31 . #71°163 . #33°41] 


#20533. +: Peconnex.«C U‘minp.2.minpf « εεδίκ 


Dem. + .#205'31.5: Ηρ. 9. minpf«¢1—Cls (1) 
Ε. #2051. It: Hp.Dd.minpf«Ce (2) 
85°65. Ib: Hp.d.d‘minpfx=« (3) 


Ε΄ (1). (2). (8). #8014. 3+. Prop 

κ205.84, +: Peconnex.«C U‘minp.>.«eCls* mult [*205°33 . κ88:2] 

The following proposition is used in *260°17. 
*205°35. Fi: P? CJ. Peconnex.3:. 

a=minpa. =:xeanOPiyean OP —t2.9,.ePy 

Dem. 
Ἐν 205,31. Ἀ71.36. 9 τ: Hp.ds.2=minpa.=:2 minpa: 
[Ε20561.κϑ 1 26δ]Ξ ει σεα ΟΡ -- (αι ΟΕ ΡΥ: 
[κ81.105] =:reanlPryean ΟΡ] Ὅν .~(yPa): 
[#51-221JeraveanC’Psy=a,.9,.~(yPx): yeanO'P—ia.Dg.~(yPxr) (1) 
Εν *200°36.3+:.Hp.d:yPz.9,,-y +2: 


[Transp.*10°1] I: y=a#.d,.~(yPr) (2) 
Ε.(1). (2). ΞΕ: ΉΡ. 9 :. 
e=minpa.=S:cveanl’P:yean ΟΡ —t'e.d,.~(yPa): 


ill 


[*202°5] saean(*P:syean OP —ta.d,.2Py2: D+. Prop 
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- 
420536. +: Petransn connex. >. minp‘aC pf Py (an (ΞΡ) 
Dem. 
Εν x205°2.*%201-18.3+:. Hp.c=minpia. 9: ye(anC'P).9,.2Pyy:. 2 .Prop 
The above proposition is used in *230°53. 
—_ 
«20537. +: Petrans.maxpa=A.D. Py a= Pa [20152 . #205123] 


The following proposition is used in *257°21. 


- - 
420538. b:P,GJ.D. pa ρΡικμ τα (ΡῈ 


Dem. 
t ,*200°381.Dh:: Hp. Diwew Ie-yPyri Dive. Dee (aP oy) 1. 
(¥40°51.%37°105 ] D1. p' Py C— Pio μ (1) 

-} 
+. 4062. 0 igi wed. pi Py COP (2) 
+. 2412. Db seqined.wCCP (3) 
-- ὮΙ 
Ε, (1). (2). (8). DE: Hp. d.pnpiPy pC pn OP — Ραμ 
-} 
[*205-11.%91°504] C min(P,.)§u: D+. Prop 
> «- «- 

*205°381. ΕἸ P,,GJ.maxp'p=A.d. pi Ὁ}, με» iP,“ 

Dem. 

P ἫΝ 

t . #205°38 5. Ft Hp.d. pn p Py p= (1) 


t (1). *40°53 . x24°37 2D 
«-- 
Ε:ΣΉΗΡ.2:. ΦεΡ Py μι. Sr yep. dy αι y Fu: 


[*200°38 | TYE ha dye YP! 
«- 
[*40°53] =:vep'P, “wiz db. Prop 


The three following propositions lead up to *205°42, which is used in 
*261°26. 


=> - ὦν 
#2054 ἘἘΙ,ΙΟῚΡεΕῚ.9.ΒΡΈΉΌΛΟ.ΒΙΡΕΛ 


Dem. 
Εν #56381 .455°15.2+:Ap.d.(qe).D'P=e&.d'P=t'a. 
~ -ν 
[98.101] D.BP=A.BSP=A: 5+.Prop 


-} 
*206°401. ΕΣ ΒΡ. α.2. αὐ ΟΡωεθΘυ] OPhanvc0vul 
Dem. 


+. #2054. Transp. +:Hp.3.0°'PLavel (1) 
Εν #93103 . DF: Hp.d.q!C’Pha (2) 
F.(1).(2). D+: Hp.d.C’PharcOvul (3) 
b.a37-41. D+.CPLaCan OP (4) 
rc (4). #6032371. Transp. D+ :CSPha~weOul. Dian O’PreOvl (5) 


. (3). (5)... Prop 
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The following proposition, besides being required for *205°42, is used in 
#250°151. 


- > 
*205°41. b:Peconnex.anC’Prel.3.minp'a= BPE a 
Dem. 


Εν #20254. Dh: Bp.d.0'PLa=an ΟΡ (1) 
bex37-41. Dh. d'Pha=an PH a (2) 
Εν). (2) «#93103. 3k: Hp.d. BPE a=an0'P—(an Ῥέα) 
[%*22°93.%205°11] = min pa : D+. Prop 


#20542. +: Peconnex. BE! ΒΕΡῚ a. >. B Pf a=minp‘a 
Dem. | .*205401.3+:Hp.d.anO!Prel., 
~ -- 
[*205-41] >.minp’a= BYPha (1) 
b.(1).*32°41.35+. Prop 
The following proposition leads up to *205°44. 
~ - 
#20543, +: Ρ εσοπποχ ἢ τα ΠΡ. 9. minp‘a = Bla} P 
Dem. 
- - pow - 
F.#20511. Φ6Ε.τπηρίαξεία α ΤΏ.  -- Pia) ν (an BYP -- Pa) 


[#35°61.437°4] = Bu Pu (an BYP — Ῥέα) (1) 
Εν #20523. DF: Peconnex.zean D‘P.ye BP. D.vea.ePy. 
[437-1] diye Pa (2) 
b.(2).#10-23.>+:Hp.>. BPC Pita, 

[424-3] > .an BP P\a=A (3) 


F.(1).(3). 9+. Prop 
#205°44, +: Peconnex.E!Bfa}P.3.minp‘a= ΒΑΡ [*205°43 . *32-41] 
The following propositions deal with the circumstances under which the 
minimum of one class is identical with, or earlier than, that of another. 
*205'5. +: Peconnex.aC8.minp$8ea.>.E!minp‘a. minp‘a = minp’8 
Dem. }+.*37'2. Transp. D+: Hp.d.— PKB C— Pa, 
[*205-11.Hp]} >.minp’8ea— Pa. 
- 
(*205°1] >. minp*§e« minp‘a (1) 
F.(1).*205°3.95F. Prop 
- 
*205°501. Γ τε connex. minp‘a= minp’8 . 9.8 C -- p*P a 


Dem. 
+ .*20511.5+:.Hp.3: minpfave PB: 
[51.108] D:yeB.D,.~(yP ταϊῃ ρα) : 
[*205°11] Diyes. Py; (55) Φεα. (νὼ): 


[40°51] 2: 8C—p£P“a:. D+. Prop 
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*205°51. +: Peconnex.aCS8.E! minp‘a.E!minp’8.2: 
minp‘a = minp‘8.v. minp*8 P minp‘a 
Dem. 
F221. *205°1.9b:Hp.>.minpae β ὦ CP (1) 
F. (1). *#205°2.95+. Prop 
-} 
*205°52. +: Petransnconnex.qlanp'P“B. 
ἘΠῚ minp‘. E! minp'8.>.minp‘a P minp’8 
Dem. 
F.in4051.3b:.Hp.ds(qa):vearyeR.dy.aPy (1) 
+, *2052.3>t::Hp.d:s.2eanCP.3,: minpa=a2.v.minp'a Px (2) 
+. (1). *205°1.3t:.Hp.d:(qr).cea.vPminp’B: 
[38.117 D:(qa).cveanC'P.xcP mins (3) 
+,(2).(8). Dk: Hp.d: (qr): aP minp§8: τοϊη ρα =2.v. minp‘a Pe: 
[*201-1.%*13°195] >: minp‘a P minp*8:. I+. Prop 
- 
*205°53. bk: Peconnexn Β] Φεα ΑΙ CP. Pia= Pa. ὃ. ᾧ τ τλᾶχρία 
Dem. 
-} 
F. κό024. ΞΕΤΗ͂Ρ. 9... Φεα Δ ΟΡ ΌΡΩ., 
(Hp] a.ceanMP— Pa. 
- 
[Κ205611] 9. #e maxp*a (1) 
Ε. (1). 2053.54. Prop 
—> 
*205°'54. &:.PeSer.:veanCP. Pa = P“a.=.¢=maxp‘a 
[*205 53-22] 
*205°55. +: Peconnex. BSP ea. 2. BSP = minp*a 
Dem. 
+. #93°101.*3716. 5+: E!BSP.3. BSP e COP — Pa (1) 
b.(1).#2051. Db: B'Pea.>. BP minpa (2) 
F .(2).*205°31.3+. Prop 
- 
*205°56. +. maxp‘s‘« C maxp“« 
Dem. 
—_> 
F . #205111 . *40°38 . DF. maxp's*« C sf n COP — 36 PM" 
[4011] CH {(qa)-aex.yean OPin(qa).aex. ye Pal 
[*10°56] CH {(qa).aex. yean ΟἿ — PXa} 
(*205:111] ς ἢ) {(qa).aex. ye maxp‘al 
[κ405] C maxp“te . > +. Prop 
*205:561. Ε: κί —C'maxp.3.8%e~eC*maxp [%#205°56 . *37:26-29] 
#2056. +, Peconnex.3:0E! minp'a.s.an OPC Pq [420532122] 
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#205601. t : Peconnex α OP. D:vE! minp'a.=-a€ Pa [42056] 
- - υ 
*205°61. +: Peconnex.3,.C°P = [ΟΡ n p'P“(an ΟἹΡἘ)υ minp a v Pha 
[*202'505 . #205713] 
- > . 
*205°62. +: Peconnex.qtanC§P.3.06P=p'P “(an CP) vy minpfauP 
[40-62 . *205-61] 
*205°63. +: Peconnex. P?CJ.qi(anC'P).3. 
- v > 
piP (an COP) = OCP — Pa — minp a 
[*202'502 . *205'13] 
#20564. +: Peconnex.q!i(anC'P).>. 
- ω > 
minp‘a = ΟΡ — Pa — p§P*(an ΟΡ) 
Dem. 
#20562. Hp... 


- 
OP — Ῥίᾳ.. -ρῖβιᾳ a OP) = = minp*a — Pg — Pa nCfP) (1) 


-" 
Εν 2051. 2 Ε. minp‘a— Ρίᾳ- = ming! a (2) 
- 
b.*20514.5bs.2¢eminp'a. Diyea.d,.~(yP2): 
[*205°11.%10°1] Din(a#Pa).veanCP: 
-} 
{*%40°51] D:a~vepP “(an CP) (8) 
-} - - 
Ε. (8). 9. minp’a— ρ΄’ !Ἃ(α ὦ CSP) = minp‘a (4) 


F.(1).(2).(4). DF. Prop 


=> = 
*205°65. +: Petransn connex. EK! minp‘a.>. p§P (an CfP) = Pminpa 
Dem. 
Εν #2052.3h::Hp.d:.¢Pminp‘a. Diyean CP .d,.aPy: 
- 
[*40°51] a: a2ep'P “(an CoP) (1) 
- - 
Εν #2051. 4012.3: Hp. d. »"Ρ“(α α OP) C Ραηίηρία (2) 
F.(1).(2). D+. Prop 
*205°66. +: Petransn connex.E! minp‘a.3. 
-- > | υ «- . 
piP“(an CP) = Piminp‘a. Pa = Ρ'ταϊῃρία. 
. _—>p vw 
CSP = p§P (an COP) v ὑταϊπρία υ Pa 
[#205°65-22 . #202-101] 
— - 
#20567. Ε΄: εὅϑου. 5: τε τἱηρία. Ξε. Ρίω -- ρί Β'(α ὦ OP). ae CP 
Dem. 
+. #205°65'11 . > 


b:.Hp.>:2=minpa.d. Pe = pP“(an OP). aeC*P (1) 
- 
Εν 60:24. 5 ΕΊΗΡ. ΡΞ =p'P“(an OP). >. awe p'P““(an OP) (2) 
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-} 
+. *2005.5+:Hp(2).d.anPa@=A. 
[*37°462 ] D.ane PH a (3) 
+. (2).(3).*202:505.3+: Ηρ (2). ΕΟ ῷὋ. 2. εκ ΟΡ - Pa. 
[*205°3'11] 9. ὦ τὰ minp‘a (4) 
Εν (1). (4). DF. Prop 
uw -} —> 
«20568. +: P“aCa.>.minp‘a= min (P,,)‘a 
Dem. 
F.x91711.5+:Hp.3.P,“a=P a. 
med ~ 
[5206111] >. min (P,,).a = minp‘a: D+. Prop 


v - 
*205°681. +: P,,econnex. PaCa.d.minpaeQul [%205°68'3] 


- - 
205 7. b:q!maxp$Pa.3.q 1 maxp‘a 


Dem. 
Εν #372265. Ihkian OPC P€a.d. Pha Pk Pa (1) 
F.(1). Transp. DF: q!P“a—-P“P a. 5. ταν ΟΡ -- Pa (2) 


Ε, (2).*205°111.95+. Prop 


-} 
Ἀ20511. Ε: econnex.q !maxp‘P'a.2. τηᾶχ"Ρία (.-- P*) maxp‘a 


Dem. 
F.#205'73.5+: Hp.d. Hi maxp’P a. HE! maxp a. (1) 
[*205'101} >. maxp*P" qe Pa (2) 
F.(1).*205°101.5+:. Hp. 9 maxp'P“ave PP “a: 
[*37°39 ] Diyea.dy.~(maxp’P“a Py): 
[(1]] 9 s~(maxp! Pa P? maxp‘*a) : (3) 
[*34°5.Transp] . D:r2P maxp'a.3,~(maxp'P“a Pz): 
[*205°21] D:zea—e*maxp'a. D.~(maxp* Pa Pz) (4) 
F.(2).43871.9+:Hp.3.(qz).zea. maxp’ Pa Pz (5) 
t.(4).(5). Ob: Hp.d.maxp’P“a P maxp‘a (6) 
+.(3).(6). 95. Prop 


-} 
*205°72. |:Peconnex, PC P*?.>.~q! maxp’P a [2051]. Transp] 


*205°73. +: Peconnex. minp*’y=maxp'y. 9 «γα ΟἿΡ εἼ .. ὦ CP =eminp’y 
Dem. 

F.*205'21. DF «:Hp.dieveyn COP —t'minp’y. 3. maxp*y Ῥω. 

[37:1] D>. max p*y ¢ Ωγ (1) 

Εν 205111 .3+:Hp.D. maxp*y we Pity (2) 

Ε. (2). (1). Transp. 3+: Hp. Dd.ynO*P—ctminpy=A. 

[*205°11] D.yn CP=t'minp*’y: J+. Prop 
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#205731. Ε :. Peconnex an RISJ. >: minp’y = maxp’y. = .ynCPel 


[*205°17°73] 
*205°732. : Peconnex.yanO’Prvel. Ei minp’y. HE! maxpfy.>. 
minp*y P Max py 
Dem. 
F.*205°73 . Transp. +: Hp. 3. maxp‘a+ minpa. 
[*%205°21] >. minp'a P maxp‘a: D+. Prop 


The following propositions lead up to *205°75, which shows that the 
minimum of a class belongs to D‘P unless the part of the class contained in 


OP is BP. 
7? Y -} 
#20574. ΕΑ ΟΡῸΟ ΒΡ. 3. minpa=an OP 


Dem. 
F.*x93'101.3+:Hp.d.anDiP=A. 
[*37-261:29] >.Pqa=A. 
-} 
[*205°11] >.minpa=anO'P:3+. Prop 


> 
4205'741. k: Peconnex.anC’Pwel.>.minpaC DP 


Dem. 
F.*205'21.5+: Peconnex.y=minp'a.zeanG'P—ty.Dd.yPz: 
—> 


[*2053] Dt: Peconnex.yeminpa.zeanC*P—ty.d.yPz: 

[98:18] D+: P econnex -yeminp'a. lan G§P—ify.d.ye DP: 

[452-181] Dr: Peconnex.anC'Pwel.>.minp‘aC D‘P: 3+. Prop 

*205°742. F:. Peconnex.3:q! minpfa— D'P.=.anG@P= «ΒΡ 
Dem. 

b.e20574. Dian OPavBP.>.mina=uBP. 


[*93°101] >. ! minp‘a— ΚΡ (1) 
b. #205741. : Hp. !immpa—-D'P.d.an ΟΡ εἴ (2) 
F.*205'11. Db ig! minp'a-DP.>. gq lan OP— DP. 

[%93-103] >d.qlan BYP (3) 


> _ 
F . (2). (8). #20252. D+: Hp.gqtminp‘e—D‘P.d.an ΟΡ τ ΚΒ. (4) 
F.(1).(4).9F. Prop 
υ - 
*205°75. Ε:, Peconnex.d:0(an ΟἿΡ - (.Β4ΡᾺ.ΞΞ. minpa C ΒΡ 
[*205°742] 
Observe that ~(anC’P= UBEP) is not in general equivalent to 


anC‘P 4B P, since the latter implies E!B‘P, while the former does 
not. 
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The following proposition is important. 
--} « 
*2058. +:SePsmorQ.>.minp‘a =S“*ming’S“a 


Dem. 
ΕΟ 205°11. DF. St ming! Sa = 8 (San OQ ~ δίκα) (1) 
Εν #15111. 3h: Hp.>. 8a OQ (2) 
Ε. (1). (2). Db: Hp. D. S ming Sa = SS — QeeSea] 
[71-381] = 8 Seq — SOSH 
[#79'5.#150°23] =an OP — Phy 
[*205°11] = minp‘a : 2+. Prop 


420581, Ε τ. Se εἶδόν Q.D:E!minp‘a. =. E! ming'S“a 
Dem. 


> > ov 
F.*205°8.*73'22.3+:. Hp. 3: minp‘asm ming‘’S“a: 


-} > v 
[78:44] Ὁ. : minpacl.=.ming’S“ael: 
[*53°3] >: E!minp‘a.=. Ei ming’ S“a:. DF. Prop 


420582. +: Se PsmorQ. E! minp‘a. >. minp‘a=S'ming' Sa 
[453-31 . *205°8-81] 
The two following propositions are used in *251°13. 
- - 
205 83. b:zreC*P.qiC’Paa.>.minp'a = min(P -᾿Ὁ 2),ἃ 
Dem. 
t.*l6l1.3b:Hp.3. {Cnv(P 2)}“a= Pave, 
[x161°14°2.424-495] Dian O(P4y2)—(Cav(P 2)}asan OP — Pha. 
- > 
[*205°11] >. min (P  2)'a = minp‘a: D+. Prop 
-} 
*205°831. tb: Ζῶ: ΟΡ, ΟἽ pz) na=t'z.3.min(P -ῬὉ 2ι'΄'ατοιῖς 
Dem. 
Ε.Ἀ16111.. Db: Hp.Dd:vea.d,.~{a(P 2) 24}: 


(*37'1.Transp] D:2~e {Cnv“(P 4 2)} a (1) 
F. (1). #22621. 3+: Hp. 92. εἴ τὸ ΟἿ(Ρ - δ) na— {Cnv(P 4 2)} a 

- 
[520511] =min(P z)a:3F. Prop 


The two following propositions are used in *251'14. 
- - 

*205°832. Fs ΖΕ ΟΡ, zea. 2. maxp'a = max (Ρ -Ῥ 2),ἃ 

Dem. 

. - - 
Εν #205111 .*161-2.3+:P=A.>.maxpa=A.max(P z)asA (1) 
F. #205111. *161-11-14.5 
- wv 
F:Hp.qiO’Paa.>.max(P-p2)\a=an (OP vi'z) — (Pav i) 
—>- 

[*24°495.%205°111] = maxp'a (2) 
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Ε.Ἀ160114. κ206:1151161.9 

- ~ 
F:Hp.qiP.C'Paa=A.3.maxpa=A.max(Pp2a=A (3) 
F.(1).(2).(3). 36. Prop 


> 
#205833. bsp! P.zreO'P.zea.>.max(Ppz)a=t%e 
Dem. 
F.x161h11,. 3+: Hp.d.(P p2z)a= CP. 


-} 
[Κ161᾽14.206.111}] 3.max(P +4 2)fa=an(OfP  κ42)-- ΟΡ 
[*22621.Hp] =t'2: >. Prop 
The following proposition is used in *251°25. 
- ~ 
#205°84. -:O6SPaOQ=A.qiC’Paa.>.min(P#£Q)a=minp‘a 
Dem. 
b.*160°11.3+: Hp.d. {Cnv(P#Q)} “a= Pau dQ. 
-- « 
(#205°11.*16014] D.min(P#Q)a=an (CCP v OF) -- (Pfau CQ) 


[*24°495 ] =anC*P— Pa 
-- 
[*205°11] =minpfa: IF. Prop 


#205841, Ε: ΟΡ aa=A.>.min(P 4 Q)a=ming’a 
Dem. 
b.x16011.3: Hp. d.4Cnv(P 4 Q) a= Oa. 
[¥205°11.416014] D>. min(P 4 Q)fe=an (OP ὦ OQ) — ὅκα 


[Ap] =an CQ — Oa 
[*205°11 ] = ming‘a: D+. Prop 


The following proposition is used in *251°2. 


#205°35. [| :.PeRel’excl.D:2{min(2‘P)}a. 
Dem. 
F . *162°12'23 .*2051.3F:.2{min(2‘P)}a.=: 
nea: (GQ). QeOP.nFQ:~(GQ,y)-QeOP. yea. ρα: 
~ (90, Κι). ΡΟ. ΕΚ yea: 

[x37105] Ξ τσ εα (0).  ε ΟἽ. cf Q:eFQ.QeCP. Dg. are “ἃ : 

ofQ.QeCP. "9: Q~e Pee Peg (1) 
t.(1). #16312 .*14-26 DF :: Hp. >:.a{min(2‘P)} a. 

(qQ)-2fQ.QeCP rea Oa: oFQ . QeCP. >. Qe Pg Pe Pea 

[*163°12.%14°26] =: (qQ).eFQ.QeC°P.wea— Oa Qe Fetq — Po Pecg ; 
[¥205°1] =:(qQ).Qminp (Fey) -2minga:: DF. Prop 


. (qQ) «Q minp (Fa). @minga 
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> - 
*205'9. F: Peconnex.«C ΟἿΡ. κεῖ. 9.. τα (ΒΓ «)a=minp(an «) 


[*205-261] 
v ~ 
«20591. F:PaCa. Pf aeconnex.3.minpacOul 
Dem. 
~ > 
+. *205°261.3F: Hp.an C6SPve1.3.min(P,,f a)a=min (P,,)% 
- 
[*205°68] =minp‘a. 
—>- 
[*205'3] >.minp'acOul (1) 
— 
+. #93°113. «60371. DbFsanC’Pe1.3.minpacOul (2) 


F.(1).(2). DF. Prop 


*206. SEQUENT POINTS 
Summary of *206. 


A “sequent” of a class ἃ is a minimum of the terms that come after the 

whole of an C*P; that is, we put 

- > ς- 

seqp’a = minp*p*P*(a ἃ ΟἿΡλ, 
Thus the sequents of ἃ are its immediate successors. If a has a maximum, 
the sequents are the immediate successors of the maximum; but if a has no 
maximum, there will be no one term of a which is immediately succeeded by 
a sequent of a; in this case, if a has a single sequent, the sequent is the 
“upper limit” of a. Whenever P is connected, and therefore whenever 


P is serial, every class has one sequent or none with respect to P, by 
*205°3. 


It will be seen that the sequents of a are the same as the sequents 


> 
of an C*P, and therefore that seqp‘a depends only upon anC*P: if a has 
terms not belonging to C‘P, they are irrelevant. 


For the immediate predecessors of a class a, we put 
-- ~-> = 
precp‘a = maxp*p'P*"(an OfP). 
We have precp= seq (P), so that propositions about precp result from those 


about seqp by merely writing P in place of P; they will therefore not be 
given in what follows. 


Among the elementary properties of seqp with which this number begins, 
the following are the most important: 


- - ς--- 
*206°13. | .seqp‘a Ξε minp*p*P“(an ΟΡ) 
This merely embodies the definition. 
- - 
¥*206°131. Ε. seqp‘a = βραρί(α α ΟΡ) 
- > — .-- 
*206°134. Ε΄. 564» τ ΟΡ αδία ΡΟ Pa. Pa C—p'P“(an O'P)} 
= - 
Ἀ20614. bran ΟΊΡΕ-Λ.3. βοαρα = ΒΡ 
Thus if P has a first term, this is the sequent of the null class, or of any 
other class which has no members in common with CP. 
- 
Κ20616. +: Peconnex.).seqp'aeQul 
This follows at once from *205'3. It leads to 
*206161. |: Peconnex.>.seqpe1—>Cls 
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Thus if P is a connected relation, no class has more than one sequent. 
This is not in general the case with relations which are not connected, even 
where the idea of sequents is quite naturally applicable. Take, eg., the 
relation of descendant to ancestor, and let ἃ be the class of monarchs of 


—> 
England. Then seqp‘a will be such parents of monarchs as were not them- 
selves monarchs. 
*206171. ΕἸ Peconnex. PEJ.D. 
- > Ὁ 
seqpa= OfP αἰῶ {an CPC Ρῴῳ Ρῳ ζ (α αὶ OP) vu Pa} 
This proposition states that ὦ is a sequent of aif the whole of an C‘P 


precedes «, but every term that precedes x either belongs to a or precedes 
some term of ga. When FP is a series and ἃ has no maximum, we have 


~ ~ 
seqp'a=OfP an&(Ptr= Pa) (*206'174), 
ae. the sequent of a, if any, is a term whose predecessors are identical 
with the predecessors of members of a. This is the case of a limit 
(cf. *207). 

We have next a set of propositions (*«206'211:28) concerned with Prseqp'a 
and Péseqp'a. When FP is transitive and connected, and a is an existent 
class contained in ΟἿ and having a sequent, we shall have 

~ «- ς- 

P*seqp‘a = au Ρίίᾳ, μθαρία uv Pseqp‘a = p* Pa. 
That is, the predecessors of the sequent are the members of a and the 
predecessors of members, while the sequent and its successors are the 
successors of the whole of a. The various parts of this statement require 
various parts of the hypothesis. Thus we have 


*206211. Γ΄: H!seqpfa.D.an CYP C Péseqpta 
*206'213. | : Peconnex. Εἰ seqp‘a. 2 .Prseqp'a Cian OfP) vu Pa 
*206°22. |: Petrans nconnex. KE! seqp'a.>. 
Ῥραρία το (α ἡ ΟΡ) υ Ρ΄ᾳ -Ξ max pau Pha 
*206-23. +: Petrans n connex. E!seqgp'a.>. 
seqp‘a υ P'soqp'a = p'P“(an OP) a OP 
If P is transitive, the value of seqpta is unchanged if we add to a any set of 


- - 
terms contained in P*‘g (%206'24); thus in particular, seqp(a v Pa) = βρηρία 
(*206°25). Thus we can fill up any gaps in a, and take the whole series up 
to the end of a, without altering the sequent. 


We have next a set of propositions (*«206:3—°38) on the sequent of P*‘a, 
i.e. of the segment defined by a. If P is a series, seqp’P**‘a is the maximum 
of a if a has a maximum, the sequent of aif a has a sequent but no maximum, 
and non-existent if ἃ has neither a maximum nor a sequent (*206'35'331:36). 
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Our next set of propositions (*206°4—52) concerns the sequents of unit 


- 
classes, especially of t‘maxp‘a, and of classes of the form P‘x. We have 
—>- 
*2064. -:PGJ.¢eC'P.D.aseqpP‘« 
— ς---- > ς- 
#20642, F:veC*'P.D.seqp'i'a= P> Px τε minp' P& 
whence the three following propositions: 


- < 
*20643. +: Petransa RI .ce CP. 2.seqpt*s= Pix 


*206-45. |:.PeSer.veC*'P.3:E!seqpt@.=.a2eD*P, 
- > - 
*20646. Ε: Petransa connex. E! maxp‘a.).seqp‘a = Β66 "πιᾶχρ'α 
From the above propositions it results that, when P is a series, any member 


of C‘P is the sequent of the class of its predecessors, P,‘x is the sequent 
of tx if either exists, and the sequent of a class which has a maximum is the 
immediate successor (if any) of the maximum, 1.6. 


*206°5. +: Petransnconnex.K!maxp‘a. K!seqp‘a.>.maxp‘a(P + P*)seqp‘a 
We then have a set of propositions (#206-53—-57) on the sequent of 


py P“(an CP), i.e. the sequent of the predecessors of the whole of an OfP. 
These propositions are specially useful in connection with “Dedekindian” 
series, 1.6. series in which every class has either a maximum or a sequent 
(*214). These Propositions all require | the full hypothesis that P is a series. 


In this case, seqp‘p*P*(an C’P)=minp‘a, ve. the sequent (if any) of the 
predecessors of the whole of an C*P is the minimum (if any) of α. Moreover 


—> 
by definition the maximum of p‘P*(an CP), if any, is the precedent of a. 


Hence a has either a minimum or a precedent if p‘P*(an C*P) has either 
a sequent or a maximum (#206°54). Moreover the sequent and maximum 
of a are respectively (if they exist) the sequent and maximum of the pre- 
decessors of all the successors of the whole of an C'P (#206551). Hence 
we arrive at the conclusion that the assumption that every class of the form 


Pa an CP) has either a maximum or a sequent is equivalent both to the 
assumption that every class has either a maximum or a sequent (*206°56) 
and to the assumption that every class has either a minimum or a precedent 
(*206°55). It follows that these two latter assumptions are equivalent 
(*206°57), 1.6. that a series is Dedekindian when, and only when, its converse 
is Dedekindian (*#214°14), 


We deal next (*2066—63) with correlations, showing that if two 
relations are correlated, the sequents of the correlates of any class are the 
correlates of the sequents, 1.6, 


-} > v 
*206°61. :SePsmor Q.D.seqp’a=S*‘seqg’S“a 
R&W 11 36 
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We end with a set of propositions (*206‘7——-732) showing that the 
sequent of a class is unchanged if we remove from the class any term other 
than its maximum (*206°72); that if a class has terms in C*P, and has both 
a precedent and a sequent, the precedent has the relation P? to the sequent 
(*206'73), and that the precedent is not identical with the sequent (*206°732). 
These propositions are in the nature of lemmas, whose use is chiefly in the 
theory of stretches (#215). 


4206-01. seqp = βᾶ [« minp p‘P“(an OfP)} Df 

420602. precp= δᾶ {a maxp p'P“(an O*P)} De 

*2061. b:aseqpa.=.a@ min pp P*(a ACP) [(#206°01)} 

¥206'101. Ε΄. preep = seq (P) [32-241 «433-22 . 205-102] 


We shall not enunciate any other propositions on precp (unless for some 
special reason), since the above proposition enables them to be immediately 
deduced from the corresponding propositions on seqp. 

«- vo & 
#20611. F:aseqpa.=.vcep'P“(an OP) an COP — Pp Pan OP) 
[*206°1 . *205-1] 
e_ 
Observe that when an ΟἿ is not null, p‘P“(an CP) C O*P, so that the 
factor C*P on the right is unnecessary; but when an C*P=A, we have 
«-- 
p’P“(an ΟΡ --Υ, so that the factor 6". becomes relevant. Owing to this 
— 
factor, the sequents of A are B*P, so that if B‘P exists, B‘P is the sequent 
of A. 
*20612. Fi:aseqpa.=i.yeanO"P.3,.yPaiae Pi. 
yeanOP.3,.yP2:3,.~(2Pax) [206-11 . *40°53 . #37105] 


> > & 
*206:13, |. seqp‘a= minp‘p‘P““(an ΟΡ) [*206°1] 
> - 
*206°131. Ε΄. seqp‘a = βθρ((α n C*P) (*206°13 . %22°43°621 | 
> «- vo & 
*206:132. Ε΄. seqr‘a = p'P“(an OP) nm OfP — Pp P (an CP) [2061] 
#206133. Ε: Φ866ρα. 9 «Αἰ [*205°194. *206°13] 
-- > - «- 
*206°134. +. 566ρ(α -- ΟΡ n@ {an CPC Pia. Pe -- γ΄“ Ρ΄(α αὶ CP) 
Dem. 


F #20612 . #3218. 5 
- 9 

P.segpfa= CP ank(an OPC P'2)n&lyeanOP.3,.yP2:3,.~(2Pz)} 
~ «- 

[κ40.58] - ΟΡ αϑία ιν OPC Pia) n& [ze p*P (an OP). D,.~(zPx)} 

{Transp.*32°18]}. 
~ — «- 

=OPa®(an CPC Pix) n@ [Pia C— pf P“(an OfP)} D+. Prop 
—>- 


This formula for seqp‘a is usually more convenient than *206'13'132. 
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~ -- 
Ἀ20614. Fran C’P=A.5.seqpa= BYP 


Dem. 
> > 
Εν «206-13 .440°2.3+:Hp.>,seqp’a = minp'V 
-} 
[¥205°1 524-26] = minp*O*P 
-» 
[*205°12] — = BYPi3F. Prop 


- ε- vo «- 
#206141. ΕἸ πα ὦ ΟΡ. Ὁ. seqp'a=p*P “(an OfP) — Pf P (an ΟἹ ΡῈ 
Dem. 
b.4062. DF: Hp. dp P "(an OP) COP (1) 
Ε. (1). #206132. 95. Prop 


—_ ww 
#206142. F:qlan@'P.>.seqp'aC Pa [%*40°61 . #206141] 


- «- . & 
Ἀ206143. Ε:ὰας ΟΡ. 3.566» Ξ-ρ"Ρα Δ OP — Pipi Pa 
[Κ206182. *22°621] 
- .«- 
#206144. F:qiseqp'a.d.qip’P (αι CP) [206132] 
- «- vo & 
#20615. Ε:α ΓΤ ΟΡ, ἴα. 2.566» - pi P a — Pip Pa 
[x206-141 . 39.691] 
- 
Ἀ206.106. .Ε:Ρ εοΟπηοχ. 9... βοαραεθυ}  [*205°3 . *206°13] 
*206161. +: Peconnex.>.seqpe1—Cls [Κ20616. #71112] 
Thus in a series, or in any connected relation, no class has more than one 
sequent. 


#20617. [-i.aseqpa.=:yeanC’P.,.yPaiae CP: 


yPa.Dy.(qz).zean OP .~(zPy) 
Dem. 


Εν 87.462. κΚ20611.9 
«- —_ «-- 
breseqpa.=:cep 6 (α ὦ ΟἿΡΚΡ ΟΡ, PaC—piP(an CP): 
[κ40.8ὅ8] Ξε: ψεα ΟΡ. ἢ Ρυιφε OP: 
yPa.Dy.(qz).zean ΟἿΡ. (1 Ρῳ}:. DF. Prop 


-᾽ὕ « . 
The following propositions give simplified formulae for seqp‘a in various 
special cases. 


#206171. Γ: Peconnex. P?CJ.3. 


= - — 
seqp'a=CO'Pa&® lan CPC Pix. PieC (an OP) υ Pia} 

Dem. 

Εν #206134 .*33:'152 .3 

--Ὁ -ψ--- «- 
F.segp’a=O'P n®lan OPC Pe. PaxCO'P—p'P“(anOP)} (1) 
Ε. (1). *202°503 . +. Prop 
36—2 
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#206172. F: Peconnex. PP? CJ. PaCa.d. 

- -- 

Βεαρία Ξ- ΟΡ αι δία ιν ΟΡ ΞΡ) [*206°171. 22°62] 
*206'173. F: Peconnex.P?GJ.an@PCP“a.3. 

- > — 

Βεαρα Ξ ΟἽ ἃ ἃ {an OPC Pia. Pix C Pa} 

[x206°171 . *22°62] 


- -- 
Ἀ206174. Γ: PeSer.an C'PC Ρέᾳ, 5, seqp'a=OP αὶ @ (Px -- Péa) 
Dem. 
Εν. #1312 .*22°42.DF2.Hp.d: 


- ~ => 
Pe=P“a.d.anOPCPs. P&C Pia (1) 
- - 
Ε. *37°265. DkranCPC Pfa.3. ΡΤ POPS: 
- - 
[*201°501] Dt: Hp. dian OPC P&.5.PaC Pa: 
> - - 
[Fact] DranCOPC Pe, Pe CP\a.d.Pa=P& (2) 


Ε. (1). (2).*206173. D4. Prop 


The propositions *206°173'174 deal with limits. When a class ἃ has no 
maximum, 1,6. when an C'PC Pa, its sequent (if any) is called its lomit. 
By the above propositions, the limit is a term 2 such that an C‘P precedes 
ὦ, but every predecessor of # precedes some member of an C*P (*206173); 
it is also a term « whose predecessors are identical with the predécessors of 
a (*206°174). The subject of limits will be explicitly treated in *207. 


—_ 

*20618. + .seqpfa C CCP [*206°132] 
- 

*206-181. ΕΣ αι ΟἿ, 2. βοᾳρία ς UP [*206-142 . *37-16] 

- 
*2062. +.seqpfaC—a 

Dem. 
— . «- 
F .*40°68 . Transp. 9 Γ. pf P“(an ΘΟ! Ρ)-- Pp’ P“(anCfP)C—(an CP) (1) 
F.(1).*206:132. 34. Prop 
- 

#20621. +:P°CJ.3.seqp'aC— Pa [*200°53 . #2067132] 


- 
Ἀ206211. Γ: HE! seqpa.Dd.anC*PC βέβραρία 
ΠΣ 
F.x20617.3+:.Hp.diyeanCP.2,.yPseqp'a:. IF. Prop 


- 
*206-212. |: Petrans. E! 566ρίᾳ. >. Pa C P*seqp‘a 
Dem. 
— 
F. #206211. D:Hp.d. Ρέας P“P*seqp*a 
- 
[5201.601] C P’seqp‘a: DF. Prop 
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- 
*206:213. | : Peconnex Εἰ 1 seqp‘a. 9. P*seqgp‘a C (α ὦ OfP) uv Pio 
Dem. 
F.*20617.5b:: Hp. 3:1. yPseqp'a. Dy: (qz).ze(an CP) .n(zPy): 


[*202°103] Dyi(qz)izeanOPiy=z.v.yPz: 
[κ18᾽195ὅ.. 571] DyryeanCP.viyeP “(an CP): 
[*37°265] Dyiye(an CP) vy Pau Dt. Prop 


*206°22. +: Petransnconnex.E!seqp‘a.). 
P*seqp'a =(anOP)v P“a= maxp‘a ν P\&q 
[*206°211°212-213 . #205131] 
*206:23. +: Petransnconnex. E!seqp‘a.2. 
i*seq p‘a u P*eq pa= pP“(a nP)a OP 


Dem. 
b .*205'22 .*206°13.9 
[1 € 7, [ € i Déc Spec € 

ΕἸ Hp. 2. ἐβοαρία ν Piseqp‘a = u'seqn‘a v P p6P (am OF) 

[*206°13.%53°31} = minp*p*P“(an CP) v Pp! P“(a a CP) 
<— “ 4- 

[Κ205:18] - βία α OP) a OP ὺ Pp Pan CP) 
<< 

[*201°51.%37°16] =p Pan OP)a CP: at. Prop 


- - 
#20624. +: Petrans. β ( έέα. 2. βεαρ'(α ν β)- seqp‘a 
Dem. 
«- «- 
F.*201°56. 5Ε:ΗΡ.9. ρΡ΄““(ανὖ β)κ.}}- p'P(an CP) (1) 
F.(1).*206:13.35+. Prop 
- - 

*206°25. Ε: Petrans. 9. βεαρί(α ν P“a)=seqp‘a [*206°24] 
#20626. +: Petransnconnex.qlanC‘P.E!seqp‘a.>. 


«- «- 
piP“an ΟΘ΄ Ρὺὴ-τὶ ιβοαρία ν ᾿΄βθαρία 
Dem. 


Εν 44062. Ε: Hp. >. pP (an OP) C OP (1) 
t.(1).*206:23.9+. Prop 
*206-27. +: Petransn connex. HE! seqp'a. Εἰ maxp‘a.. 
Pseqp‘a = P*maxp‘a v efmax pa. 


<< 
P max pa = P'seqp‘a ν tseq pa 


Dem. 
=> - 
+ .*206°22 . D+: Hp. >. Pfseqp’a = maxp‘a uv Pa 
-- 
[*205°22] = t‘maxp‘a v P“maxp‘a (1) 
«- «- 
+ .*205°65. D+: Hp. d. Pimaxp‘a=p!P “(an ΟΡ) (2) 


+ 205-151-161. >+:Hp.d.qi(an CP) (3) 
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«- «- 

Ε. (3). #20626. D+: Hp. Dd. pi P (an 04}}5 t'seqp‘a ν P*seqp‘a (4) 
«- -- 

Ε. (2). (4). 95Ε:Η͂ρΡ.9. Pimaxp‘a= t‘segp‘a v P*seqp‘a (5) 


Ε. (4). (δ). Ε΄ῷ Prop 
*206:28. Ε:Ὀ PeSer.D: 


-- 
vweC'P—a, Ρῴ τε Ρόα. =.a=seqp'a.~k ! maxp‘a 
Dem. 
Εν #206174. *205°6.D 


- 
bi. Hp.3:2=seqp'a.~E! maxp'a.d.ceCP. Pa= Pa. 


> 
[*206°2] D.ceCP—a. ΡΞ Pa (1) 
— > 
t.*«S7'1. Dt:aPy.yea.Pa=PMa.d.ce Pe (2) 
-- 
Ε.(2). Transp. ΞΕ: ΡΟ. yea. ΡΞ Pa. Ὁ. ΘΒ.) (3) 
Γ.3..1814., ΡΙΦεΕΡ-αιψεα. 2 cry (4) 


Εν (3). (4). Κ905:108.2 Ἐ: Hp.>: 
=~ 
2aeOP—a.Pa=P“a.yeanCP.d.yPa: 


[#3218] DineOP—a.Pa=PMa.d.anCPCPa (8) 
Ε. (5). *206171:16.5+:.Hp.o: 

ve C'P—a. P'n= Pa. >. 2=seqp'a (6) 
b.(5).*205123. Dk. Hp.d: 

ne CP —a. Pia = Pha, D.vE ! maxp‘a (7) 


F.(1).(6).(7). 9+. Prop 
*206°3. +: Petransnaconnex.aCC'P. P“aCa. E!seqpfa.>. 
- 
Pseqp'a =a [*206-22] 


- 
*206°31. +: Petrans nm connex. E!seqp'P“a. 9. P*seqp’P\a = Pha 
[*206'3 . 2015] 


*206°32. +: Petransnconnex. E! maxp‘a. HE! seqp’P“a.D. 
max p‘a = seq p‘ αι 
Dem. 
=> = 
F.*206°31 .#205-22.3+:,Hp.>: P'maxp‘a= P'seqp!P“‘a: 
[*205°194.%206°133] 9 :-~(seqp‘P“a P maxp‘a) ~~ (maxp‘a P seqp’P“a): 
[*202°103] >: maxp‘a =seqp’P'‘a:. 2+. Prop 
In the hypothesis of *206°32, we have both E! maxp‘a and E:! seqp’P*‘a. 
So long as P is not contained in diversity, these are both necessary. For 
example, suppose we take 
P=afT(avitfe), where rea. Ἡ ἴα. 
Then P is transitive and connected, but not contained in diversity. We have 
avile=OP. P (av τας D‘P. 
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Also maxp(av l‘z) = 2, 

> > & > 

seqp’P“(a ν τὴ = minp*p* Pa = minp(a ν ta) = Δ. 
Thus in this case maxp(a v t‘x) exists, but seqp’P“(a vu t‘z) does not exist, 
When P is serial, ὁ.6. when P is contained in diversity, in addition to being 
transitive and connected, the existence of maxp‘a involves that of seq p‘ P**q, 
and therefore the hypothesis Εἰ ! seqp‘P“‘a, which appears in *206°32, becomes 
unnecessary. 


> - 
*206°33. |: Petransnaconnex.~ EH! maxp‘a.>.seqp‘P**‘a = seqp‘a 


Dem. 
+. 2056. Dt:Hp.d.anO'PC Pa. 


[*22°62.%37°15] D.(av Pala OP = Pa (1) 
t.*20625.5D+:Hp.. seqpta = seqe'(a ν Γ᾿“) 
[Κ906181] = seqp'{(a uv Pa) a CP} 
[(2)] = Seqp’ Pa: DE. Prop 

*206°331. |: Pe trans n connex.~ E! maxp‘a. E!seqp'a. 9. seqp*P“‘a =seqp‘a 
[*206°33] 

420634. ΕἸ PeSer.>.maxp‘a C seqp'PMa 

Dem. 
b.*205°101 . 97.265. 9 
bs.yemaxpa.=:yean ('Pizean OP. D,.~(yP2) (1) 


F.(1).*2021038.9F::.Hp.o:: 
yemaxp'a.Di.yeanOP:ceanO'P.d,:2=y.v.2Py (2) 
F. (2). Κ1819δ. 2011. ::. Hp. d:: 
yemaxp'a.d:.yeanCP:2eanCP .uPz.Du;.uPyt 


[*37°1°265] Dive Pa. d,.uPy:. 

[#40°53] De yep PY Pa (8) 
(1). «8771. Db: yemaxp‘a.vPy.d.ve Pa (4) 
+. *50°24. IF: Hp.d.~(vwPv) (5) 
b.(4).(5). DE Hp. Di yemaxpa.vPy.>.(qu).we Pa.n(wPr). 
[*40°53] >. pve p PY Pa : 

[*10°51] Diye max p‘a ~2.~ (vu) ov ep’ PX Pit vPy. 
[*37°105] >. yve Pipi Pt Pity (6) 


+.(3).(6).(1). 3b: Hp.3: 
—> << vw <_ 
yemaxp'a.d.y ep’ Ph P“an CP — Pip PEP Ma. 
-- 
[κ206.148] >. yeseqp’P“a:. DF. Prop 
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*20635. +:PeSer. E! maxp‘a..maxp‘a =seqp’P “a. E! seqp’ Pa 
Dem. 


- 
F. 0694, ΕΞΗρΡ.9. maxp‘a e seq p! P ‘a (1) 
Ε.(1). Ἀ20616. 9 :ῈῊΡ. 9. maxp‘a=seqp' Pa (2) 
Ε.(2). 421. Ε:ΗρΡ.9. EH! seqp’P“a (3) 


Ε. (2). (3)... Prop 


#20636. b:: εν. 9 -, El seqp’Pa.=: EH! maxp‘a.v. E! seyp‘a 

Dem. 
t .*206°35'331 .3+:. Hp: HE! maxp‘a.v.E tseqp'a: Dd. Etseqp’P a (1) 
.*20634. Dis Hp. Dd:~Et!seqe'P“a.d.~EH! maxpa, (2) 
[*206°33 | > .~E seq ρα (3) 
Ε.(1).(2). (39). 9 5. Prop 


The condition (a): E! maxp‘a.v. E! seqp‘a is the definition of what may 
be called “Dedekindian” series, 1.6. series in which, when any division of the 
field into two parts is made in such a way that the first part wholly precedes 
the second, then either the first part has a last term or the second part has 
a first term. (When these alternatives are also mutually exclusive, the series 
has “Dedekindian continuity.”) If a is any class, P‘‘a is the segment of 
ΟΡ defined by α. In virtue of the above proposition, every segment of 
a Dedekindian series has a sequent. The sequent of a class having no 
maximum is what is commonly called a limit. Thus in a series having 
Dedekindian continuity (in which segments never have maxima), every 
segment has a limit. 


- > - > 
*206°37. |: PeSer.>.seqp’P‘‘a = minp(maxp‘a v seqp‘a) 
Dem. 
> - 
F.*205'16.>+:maxp'a=A.seqp'a=A.)D. 
> - - 
minp‘(maxp‘a Y seqp’a)= A (1) 
F,*20636.9+:Hp.Hp(1).3.~“H!seqp*P"a. 
—_ 
[*206:16] >. seqr'P a= A (2) 
> - 
b.*2424. Db:Hp.maxp’a=A.q lseqp‘a.d. 
> - > 


. _ * _ 
minp‘(max p‘a ¥ seqp‘a) = min p‘seq p*a 
— 


[*205°17.*206°16] = seq pa 
- 
[*206°33 | = seqp6 Pa (8) 


- - 
F.*205°17'3.5+:Hp.g!maxp‘a.seqp'a=A.>d. 
> = - 
min p*(max p‘a v seq p‘a) = max μία 
> 
[*206:35] = seqp*P a (4) 
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F.*206°16 . Κ205.3. 9 


—> - 
fF: Hp.q!maxp‘a.q !seqpa.D. 
> = 


- - 
minp‘(maxp‘a v seqp‘a) = minp*(t‘maxp‘a ν t“seqp‘a) 


[206-27 205-182] = umaxp‘a 
- 
{*206°35] = seq p6P*‘a (5) 


F.(1).(2). (3). (4). (5). DF. Prop 


*206:38. 
Dem. 


= - 
t: PeSer. >. maxp‘a = an 866». Pa 


+. *206°35 . *205:111.)5 


- - - 
Ἑ:ΗΡ. HE! maxpfa. >, maxp‘a = seqp’P'a.maxp‘aCa. 


[22.621] >. maxp‘a =an seqp’Pa (1) 
F. #2053. Dt: Hp. E! maxpfa..maxpfa= A (2) 
F.*20633.3+: Hp.~EH! maxpfa.o. seqp! Pa = seqp'a . 
{*206°2] D.an seq p Pa = A. 
{(2)] >.maxpfa=an seq p’PMa (8) 


Ε.(1).(3). 9. Prop 


*206'4. 
Dem. 


*206°401. 


*206°41. 


*206°42. 
Dem. 


*206'43. 


*206°44. 


> 
Fr: PCJ.c2eOP.D.xeseqp Pa 


Εν #2067134 . #2243 . 9 
- - «- -Ξ 
Fi aseqp Ῥω. =. veCOP. PaC— p PUPS (1) 
-» «- τῷ 
+.*200°5.3t:PCJ.2. PC -ρ PhP a (2) 
F.().(2). DF. Prop 


—>> 
: Peconnexn RINT. ce OP. D3. 2=seqp'P'a [*206'4161] 


+r 


27> ς- ε-- 
Εν minp’$P’e= ΡῈ P**e  [*205°25] 


- ς---- > ς- 
b:ceCP.D.seqp't'e = P+ Pe= ταὶ ρ Pe 


«- «- 
Εν Ἀ68Ό131.9Ὲ- ρα τε Pea (1) 
Ε. (1). #206°41:143.. +. Prop 


= «- 
Fk: Petransn RIS. ve ΒΡ. 2. seqp't‘a = Pia 
[*206°42 . *201°63] 
F:. Petransn Ris. @eCSP.3: 


Etseqgpit’e.=. EH! Px EB tseqp't‘e. >. seqp'l'a = Ῥω 
[*206°43 ] 
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*206°45. F:. PeSer.ceC(P.3: Ἐ Ὁ seqp't’x.=.2¢eD*P, 
[*206-44 . 204-7 . #71165] 


- = 
*206'451. +: PeSer. Εἰ seqp'a. >. maxp‘a= P,‘seqp‘a 


Dem. 
-» > 
+. *20641.9¢: Hp. ). P,‘seqp‘a = maxp* P‘seq pa 
-- 
[*206°22] = maxp‘{(an C'P) uv Pa} 
-- 
[*205°191 ] =maxp'a: D+. Prop 


> > - 
#20646. +: Petransn connex. HE! maxp‘a. .seqp‘a = seqp*maxp‘a 
Dem. 


-- = > & 
F.*206°42.3+: Hp.). seqp‘maxp‘a = minp*P‘max p‘a 


> & 

[*205°65 | = minp*p*P“(an C‘P) 
-Ὁ 

[κ206:18] = seqp'a: DF. Prop 


-- 
*206°47. +: Petrans. KE! seqp‘a. 2. Βθη (ἃ = Ιιᾶχρ'(α υ seqp‘a) 
Dem. 
- 
+. #206134. ΞΕ ΣΗ͂Ρ. 9. Δ ΡΟ P'seqp‘a. 


> > > 2 
[*205°193°151] >. maxp‘(a v seq pa) = max p‘seq p‘a 
[*206°133.%205'18] = iseqp‘a: D+. Prop 


> > - - 
*206-48. Ε:} εὐτϑῃβ nm connex .E!seqp‘a . >. seqp‘seqp‘a = Βοαρ'(α ν seqp‘a) 
Dem. 


Ε. 206,47. ΞΕ: Ηρ... 
> - > = -- 
seq p‘seq p‘a = seq p‘max p‘(a Νν Seqp’a). EF! maxp(a υ seqp‘a). 

- 


> = - 
[*206-46] > . seqp‘seq p‘a = seq p(a v seqp’a): DE. Prop 


*206'5. +: Petransnconnex.E! maxp‘a.E!seqp‘a.2. 
max p‘a (P + P?) seq p‘a 


Dem. 
> - 
Εν Ἀ206.40.,9}Ὲ :ΗΡ. 9. 8δαρία = seqp‘t'max p‘a 
ζ------ 
[κ206.42] = P+ P?maxp‘a: +. Prop 
> = - 
#20651. tig !maxp’P'e. 9. 8566» Px 
Dem. 
> 
F .*205°161. It: Hp.d.q! Pf. 
[*33-42] D.ceOP (1) 


> > > => «- - 
Ε. (1). Χ206184.9} :. Hp.3:eseqpP'a.=.PaC Px. Pc C —p'P "Pa. 
> «- => 
[*22°42] =. ως —p' PMP (2) 
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-»" => - 
Εν 20510]. 5 s.yemaxp'P*e. D:yPa.yre PUP 2: 


[Κ871] D:yPae:2Pa. 22. .~(yPz): 

[*32'18.%5°31] I:2P2.d,. ye Pa. pm (yPa). 

[*40°53 ] >, . ewe piPOPee: 

[*32°18] > : Pte c- PHP x (3) 


-> - — 
Ε. (2). (3). 2+: Hp. yemaxp’P‘x. 3. cseqp Pix: D+. Prop 


#20652. +: Petransn connex.E! maxp’P“a. 3. 
Ef seqp’ P“‘a . seq p* Pa = maxp‘a 


Dem. | .#*205°7. D+:Hp.d. Ei maxpa. (1) 
[*205°22] >. Pia = P*max pte (2) 
F.(2).*20651.5+: ΗΡ. 9. maxp‘aseqp Pa. 

[*206°161] >. maxp‘a = seqp* Pa (3) 


F.(1).(3). 34. Prop 


> - > 
#20653. +: PeSer.3.seqp'p’P (an C*P) = minp‘a 
Dem. 

> -» > ε«- => 

Ε. *206:13.9+. seqr*p$P (a n OCP) = min pp P“{p Pa A OP) an C&P} 
- 
[%205°15-16.%206°18.%200°54)] = =minp (OPap' Pp Pan C«P)} (1) 
-- 
b.(1).*20462.5+: ΗΡ. 9. seqp oy PK a a CP) = minp “(an CSP) υ Peg} 
~ 

[*205°19.*201°52] = minpfa: J+. Prop 


*206°531. f: PeSer.D. 
> > > -ψ > 
COP af {p\ Pan CP) = Pil = seqp*p’P “(a n C’P) = minpa 
Dem. 
Εν. *206°172 .*201°51.5 
> €& = > 
t:Hp. 2. seqpp'P“(an CP) =OP κ καὶ [ρ βι “(αι OP) anCP=Pa} (1) 
Ε.(4). *40°62. 56: ‘Hp. at '(anC*P).>. 
- -- 
seqp oP Ma a OP) = COP α ἢ {pP“(an CP) = Pa} (2) 
> & 
b.*205°16 .*206:33.5+:Hp.anC’P=A.5.seqp'p'P(anCPy=A (3) 
F.ix402.DbsanG@P=A.). 
> => - 
CP δ ἃ {p Pan OP) = Pa} Ξ ΟΡ α δ (Ὁ - Ρω) (4) 
F.*50'24. 56: Hp .D.(2).ane Pa. 


[424-104] 9. (2). Pat V Ae 
Ε. (4). (δ). ΞΕΣΗΡ .αΑ ΡΞ Λ.9. ΟΡ ak {p ρβιᾳ a OP)= Ῥω j= 

-Ὁ 
[(3)] = seqp “piP(an CFP) “© 


Ε.(8). (6) »*206°53. +. Prop 
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- 
«20654. Γ:. Ρεβον. 9 - Εὶ 1 56.» Β'(α ἃ (P).=.E!minp‘a: 
--Ὁ 
E! maxp’p’!P (an C{P).=.E! precp‘a 


Dem. 
Εν *206°53 . Dt:.Hp.d:E! 1806 oy PM a a C’P).=.E! minp‘a (1) 
Εν Κ20618.101. 9 Ὁ τ E} maxp Pa aC’P).=.E! precp‘a (2) 
F.(1).(2). 94+. Prop 


«20655. Ε:. PeSer.>:(a).aeU‘minp v U‘precp. = 
— 
(a). p’P (an CfP)eU'maxpu U‘seqp [*206°54°161 . *205°32] 


- > -Ὁ ςε- 
ἈΦΟΘ6ΒΙ, +: PeSer.3.seqp‘a -- βοα ρ΄ Pp! P“(anC'P). 
--» 


maxp‘a = maxp'p' Pp! P(a αι ΘΟ.) 


Dem. 
> > & 
Εν 2068. 2Ε.86αρ(α = minpip l(a A CP) κε (1) 
> 
F.(1).*20653.5+: Hp.2.seqp’a= seqr Pep Pua a nO?) aCP} (2) 
- - 
Ε.(2). κ200.54. 5ΕΤΗΡ. 1... βοαρία -Ξ seqp ‘PPP EP Ha anOl*P) (8) 
- - 
Ἐν Ἀ20618, D+:P=A.>.seqp‘a=A.seqp PM Pian C*P)=A (4) 
> --.- -ὸ a 
,(3). (4). ΦΈΕΞΗΡ.3. seqp’a Ξ-566.}. ἢ ““Ῥ Ρ“(α ἡ CSP) (δ) 
> a ε 
+. *206'53 . D+: Hp. >. maxp‘a= precp*p‘P““(an C“P) 
-- >  ς- 
[*206'13'101.*200°54] = max p*p* Pn P*(an C*P) (6) 


Ε.(δ). (6). D+, Prop 


- 
*206°56. Ε:. Ρ εβον. 9 : (α). » Ρ΄(α αὶ 64})ςε Umax, v ([Ἐ6αρ.5Ξ 
(α). ae (ἼΛΑΣ ν C‘seqp 


Dem. 

F.x102L11.9F:(a).a¢C‘maxp vu C‘seqp. 2. 
(a). P(e an OP) C'maxp uv C‘seqp (1) 
ἔν. 101, Dk:(a). py P“(a an C’P)¢ T'maxpy U’seqp. >. 
p'P“p P(g n COP) ¢ U‘maxp v C‘seqp - 
{*206°551] 2. Be C'maxp v (1366 (2) 
F.(1).(2).34. Prop 
*206°57. 1:.PeSer.>:(a).ae M‘minp v U‘precp. = 
(a). ae dU‘maxp v (‘seqp [*206°55'56] 

This proposition is important, since it shows that when a serial relation 

satishes Dedekind’s axiom, so does its converse. Thus if all classes which 


have no maximum have an upper limit, then all classes which have no 
minimum have a lower limit, and vice versa. 
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ε- «- “ 
*2066. Εϑ8ε βίποι ᾧ. 9. ρΡ“(α α CP) = ϑιρφῳ“Νέέᾳ 
Dem. 


F.*15111.3+:Hp.o peP“\(a nC'P) = iS Qeesee(a on D‘8) 


[#72341] = Sp QS(an D'S) 
[*71°613] = Sp'QeSa > D+. Prop 
- - ιν 
*206°61. Ετ8 ε.} βου 9.9. β6θαρ(α = Sseqg'S“‘a 
Dem. 
> - Mw {«-τῃ΄ 
F .*205°8 .*206613.3+:Hp.d.seqr‘a= Seiming’S “Spe QeS a 
[*72-501 151-11] = δι τοίη (pt Qesan OQ) 
[*206°13.*205°15] = ϑέββαρ Sa: Dt. Prop 


#20662. +:.SePsmorQ.3: E!seqpa.=.E! seqoS**a 
[*206'61 . *73°22°44 . *53'3] 


*20663. +:SePsmorQ. EI seqp‘a.).seqp’a= ΩΣ 
[¥206°61'62 . κὖ8.31] 


-- 
*206-7. +:Petrans. 8CCP.~(yPy).y~remaxpp.o. 
«- «- 
piPHg = pP(B—U'y) 


Dem. 
«- «- 
Ε. κῦ1.329. DhiyreB.d. ΡΟ β-». Ρ.(β .-- cy) (1) 
F.x205111.3)+:.Hp.yeB.dsyeP“Bun(yPy): 
[*37°1] D:(qe).ceB—iy.yPe: 
ee 
[*10°56.Hp] D:zepiP(B— ty). Dd.yPz: 
ς- «- 
[κθ63.14..κ51.22}} 9:»}4Ρ.(β--)ὰ ΡΒ: 
<— «- 
[*40°16] >: p6 PB — ify) = pSP“B (2) 
Ε.(1)ὴ.(2). 5+. Prop 
— > - 
*206°71. +:Petrans. 8CCO‘P.~(yPy).y~we maxp'8. > seqp*B=seqr(8—l’y) 
Dem. 
- - 
Ε. 51.229, Ε: ψώθεβ. 3.566 85 860» (β -- Uy) (1) 
b.*205111.5+:Hp.yeS.d.ye 6 β .~(yPy). 
[1511] 9. (ᾳμ.2).Ζεβ --ῶοῖν yPe (2) 
Ε. (2).*10°56 .*#2011.3+: Hp. ye. B—-—tyCP@.d.yPz. 
--Ὁ 
[*32°18] >.8CP‘« (3) 


b.(3).*2067.3+:. Hp(2).9: 
> - => > > - 
BCP. Pax C—p'P“B.=.B—uyC P&. P&C -- ΡΡ.(β-- τὰν): 
[*206:134] D: wseqp8.=.xseqr (8 — Uy) (4) 
F.(1)-(4). DF. Prop 
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> . - - 
*206°72. 1; Petrans.~(yPy). ψου ετηδχρβ.. D. 8664 = 86.» 8 -- ty) 
Dem. 
> - 
F.#206°71°131.*205°151. 3+: Hp. . seqp'B = seqp(8 n OP -- t*y) 
- 
[*206°131] = seqp(@ — tty): DE. Prop 
*206°73. FigtynaC*P.E! precp’y. El seqp'y. >. precp*y P? seqp’y 
Dem. 
— <— 
F.*206211.5:Hp.d.yn OPC Peseqp'y a P*preep'y.q@lya CP. 
{184.11] > . precp’y P*seqp‘y: D+. Prop 
*206°7381. bi.qi yn CP: Petrans.v. PCJ: 3.~(precp’y = seqp*y) 
Dem. 


F.*206-73.2 

Ετα γα CP. E! precp’y. E! seqp’y. Pe trans «>. precp‘y P seqp‘y. 
[*206:133] >. precp’y + seqp’y (1) 
t.*206°73.) 


tiqtya CP. Et precpy. El seqp'y. P? CJ. 3. precp*y + seqp‘y (2) 

F #1421. 5 s(E! precp’y. E! seqp‘y). 3. (precp*y = seqp‘y) (3) 
F.(1).(2).(3). D+. Prop 

Note that “precp“y + seqp‘y” is not the same proposition as ~(precp*y =seqp*y). 
The former involves E! precp‘y . E! seqp“y, while the latter does not, in virtue 
of the conventions as to descriptive symbols explained in 5.14. 


*206°732. ἢ :. Petrans.v. P? 6 J: D.~(precp*y = seqp‘y) 


Dem. 
> -ον — 
F. #20614. ΕἸ γα ΟΡ - Δ. 3. precp’y= BP. Β6αργξ BYP. 
- > 
[*93°101] > . precp’y n seqp’y =A. 
[*53°4)] > .~(precp*y = seqp*y) (1) 


F.(1).*206°731.34+. Prop 


*207. LIMITS 


Summary of *207. 


A term « is said to be the “upper limit” of α in Pif a has no maximum 
and # is the sequent of a. In this case, 2 immediately follows the class a, 
though there is no one member οἵα which # immediately follows. Sequents 
which are limits have special importance, and it is convenient to have a 
special notation for them. We write “ltp‘a” for the upper limit of a; or, 
if it 1s more convenient, “It (P)‘a.” (This is more convenient when P is 
replaced by an expression consisting of several letters, or by a letter with 
a suffix.) The lower limit of a will be the immediate predecessor of « when 
a has no minimum; this we denote by tlp‘a. 


The following propositions on limits for the most part follow immediately 
from the propositions of *206 on sequents. 


Our definition is so framed that the limit of the null-class is the first 
member of our series (if any). This departure from usage is convenient in 
order that, whenever our series contains any limiting point in the ordinary 
sense, the serves of limiting points may exist, 1.6. in order that P[ D‘Itp may 
exist whenever there are existent parts of ΟἿ which have upper limits. The 
series P{ D‘ltp is the “first derivative” of P. The definition of a limit is 


Itp=seqp[(—CU‘maxp) Df. 
Besides the limit, we require, for many purposes, a single notation for the 
“limit or maximum.” This we denote by “limaxp,” putting 
limaxp=maxpwltp Df. 
Similarly for the lower limit or minimum we use “liminp,” putting 
liminp=minpwtlp Df. 
We have tlp=Ilt(P) (*207-101) and liminp =limax(P) (*207°401). Hence 
it is unnecessary to prove propositions concerning lower mits, since they 


result immediately from propositions concerning upper limits. 


In virtue of our definition of a limit, α limits a if @ is a sequent of ἃ 
and ἃ has no maximum (*207'1). Thus if « has a maximum, it has no limit 
(*207-11), but if it has no maximum, the class of its limits is the class of 
its sequents (#20712), Thus the existence of the class of limits is equivalent 
to the existence of the class of sequents combined with the non-existence 
of the class of maxima, 1.6. 


- -» > 
#20713. Fig! ltp'a.=.~q! maxp'a. ql seqp*a 
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—_ 
*207'2—-232 consist of various formulae for ρα, We have 


> — 
*2072. %§+:Peconnex.cltpa.dD.anCPC Pie. Pa Pa 


1.4. the whole of an C“P precedes a, but any predecessor of # precedes 
some member of a. 


- -Ὁ -- 
#207231. Ε: PeSer. ἢ Ultpfa. 9..10ρα -Ξ ΟἽ n ἢ (Pa = Pa) 

Ie. the limit of a, if it exists, is the term whose predecessors are identical 
with the predecessors of some part of a. 


We have also 


*207: 232. Ε:. PeSer. D:v=lItp’a.=.ve OP — a. Pig = Pha 

This proposition should be compared with *205°54, which (slightly 
re-written) is 

-:. PeSer.D:”2=maxpia.=.veC*Pn a. Pn = Pea 

From the two together we arrive at 
*207°51. b:. PeSer.3D:a”=limaxp’a.=.26eC'P Py = Pq 
which serves to illustrate the utility of “limaxp.” 

We have 
*207-24. +: Peconnex. 9 Teta eOul.Itpe1—+Cls 

Te. if P is connected, a class cannot have more than one limit; also 
#20725. +: Petrans.8C Pa. τρία υ β) — ltt 


Ie. any terms which have some a’s beyond them may be added to a without 
altering the limit. 


We next have a set of propositions (*207°251—27) proving that if a 
class has a limit, any single term of the class may be removed without 
altering the limit (*207-261), and that in any case, provided the class is 
not a unit class, its minimum (if any) may be removed without altering the 
limit (*207:27). We then prove (*207:291) that if P is a series, and α is 
a class which has a limit, the predecessors of the limit are the class Py‘‘a. 


—_ 
We then have a set of propositions (*207'3—36) on the limit of P‘« and 


- 
kindred matters. If x has no immediate predecessor, the limit of P‘a is a, 
and vice versa (*207'°32'33). Hence 


*20735. |: Pe ἘΠ a connex.>. D‘ltp= ΟΡ -A( P+ P?) 
1.6. the limit-points of P are those which have no immediate predecessors. 
We next turn our attention to “limaxp.” This again is one-many, 


provided P is connected (*207°41). We have by the definition 


- -- - 
Ἀ207. 42. + :q!maxp‘a.D. limaxp‘a = maxp‘a 
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> -- - =" 
¥20743. b:maxp'a=A.2D. limaxp‘a = seqp'a = ltp‘a 
*207'44. &.‘flimaxp = ‘max, υ (‘tp = U‘max, v C‘seqs 


= - = 
#20745. Ε΄ limaxp‘a = maxp‘a υ ltp‘a 


Also we have 
#20746. k:.a=limaxpfa.=:a= maxp'a.v.£= Itp‘a 
which is a very useful proposition, as is also *207°51 (given above). 
A useful proposition in dealing with classes of classes contained in a 
series 18 
= => - 
#20754. &:PeSer.«C ‘itp. >. limaxp‘'ltp‘‘« = limax p‘s*« = ltp‘s‘« 


1.6. if every member of « has a limit, the limit or maximum (if any) of 
the limits is the limit or maximum, and im fact the limit, of 8' κ, 


We have next a set of propositions (*207'6—‘66) on correlations, proving 
that the limit, or the limax, of the correlates is the correlate of the limit 
or limax, 46. 


--} -“γ7)2 v 
*2076. +:SePsmor Ο. 9. Ἰ0ρία τὸ δ’ Πρ 55 a 
-- > 
*207°64. &:Se Psmor Ως. 2. limaxp‘a = S“limaxg’S“a 


The last three propositions (*207°7—-72) are lemmas for use in the theory 
of stretches (*#215°5°51). 


«20701. ltp=lt(P)=seqp[(-—C‘maxp) Df 

*20702. tlp=tl(P)=precpf(—CU‘minp) Df 

*207'03. limaxp=maxpvw ltp Df 

*207°04. liminp= minpw tip Df 

42071. Es:altpa.=.aseqpa.~q! maxp‘a [(*207°01)] 
«207101. |. tlp=It (P) [*205°102 . *206°101 . (*207°02)] 


We shall not give further propositions on lower limits, unless for some 
special reason, since all of them result from propositions on upper limits by 
means of *207°101. 


- - 
#20711. Ετ q!maxp’a.D. ]ρατε Δ [*207°1] 
- - - 
#20712. Ε:παχρίατε ἃ. 9, ltp‘a Ξε Ββεαρία [Κ2071] 
-- - 
#207121. Fian OPC P a.3. Itp‘a=seqp.a [*207°12 . *205°123] 


- - - 
#20713. bigqtitp’a.=.~.q!maxp'a.qtseqp'a [Ἀ207.1] 


-- - — - 
Ἀ20714. b:.q!imaxp‘a.v.q lseqp’a: =: !maxpfa.v. aq! ltp‘a 
[*207°13 . κ5᾽68] 
R&W II 37 
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The above proposition is important because 


- -- 
(a): !maxp’a.v.q ! ltp‘a 
is the characteristic of “Dedekindian” series, 7.e. of such as fulfil Dedekind’s 
axiom, 
> - «- 
#20715. b-saltpa.=.reC'P.anCPCP “an Pa. Pie C— pf P (an CP) 
[*207°1 . *205°123 . *206°134] 


> => 
*207:16. Ε΄. ltpfa=ltp(an ΟΡ) [*207-15 . *37-265] 


-- - 
ἈΟΟΤῚΤ. beltp‘A= BSP [*207°12 . #205°161 . ¥206°14] 
«20718. +: CSP CDitp.=.C‘P=DItp . 
Dem. 
> 
b.*20717.D+:G‘°PCDtp.=.0‘°Pv ΒΡ. Ὁ. 
[98.103] =,O0%PCDtp. 
[*207°15] =.O0P =Dtp: D+. Prop 


-> = 
*2072. +: Peconnex.@vltpa.dD.anCSP CP%&. Pa Pa 
[*207°15 . *202°503 | 


» — 
«20721. Fi? CJ. ceCOPian CPC Pta. PaO Pa, d.altpa 
Dem. 


+ 420053. Db: PC 7.2. Pac — ρίΡκ(α α OP) (1) 
F.(1). Dt: Hp.d.%eOP.an ΟΡ CPa. Pin C —pP“(an CP). 
[*206-134] >. xseqp a (2) 
+. #2244, Dt: Hp.d.anOPCP a, 

[*205-123] >. max pfa =A (3) 


Εν (2).(3).*207°1. >. Prop 
- -- 7 
ἈΖΟΤ 22. ΓῚΡ ἐοοηποχ. ΒΡ Ε υ).9.10ρα-Ξ OP n t(anGPC Pe. ΡΒ Pa) 
[Κ207.2.21] 
—_— 
This is very often the most convenient form for ltp‘a. It states that 


a limit of ais ἃ member # of ΟἿ such that an ΟἿ wholly precedes a, but 
every predecessor of # precedes some member of a. 


- - 
*20723. +: εβου. 9. Ἰ0ρα Ξ ΟΡ n2(Pa@= PMa.an CPC Pa) 
Dem. 
Εν #1312 . *22-42 5 
- > -τΞ 
b: Pie = ΡΛ OPC Pa. dian OPC Px, Pix C Pa (1) 
-- -- 
F 201 01. ΚΒ 7.265. 9 - Petrans. DranO'PC Ρ 2. ΡΟ Pla: 
-2.ἍἜΦ Ὁ -- 
[Fact] Dian OPC Pie. Pe Pa. Dd. Pla= Pa (2) 


SECTION A] LIMITS 579 


b.*e2244. 5b san OP CPs. Pea Pha. 2.anOPC Pa (3) 
Εν). (2). (ξ3».9 
> — -" 

bs. Petrans. Dian ΟΡΟΡ. Ρῳς Ρέας, τὸ Pa=P“acan OPC P\4 (4) 
F . (4). #207'22.9-+. Prop 

- - 4 
*207'231. bs PeSer. ἢ 'ltpfa. 2. ltpfa= ΟΡ n&@(Pfa= Pa) [*207:23] 

-} 
*207-232. Ετ:. PeSer.D:v2=ltpa.=.reCP—a. Pr= Pa 
[*%206°28 . *207°1] 


- 
#20724. |: Peconnex. ).ItpfacOul.ltpel—>Cls 


Dem. 
t . #206161 . #71:26 .(*207°01). 9+: Hp. 3. ltpel Cls. (1) 


>> 
[*71:12] > .ltpfacQul (2) 
E.(1).(2). 94. Prop 


-- -Ὁ 
*20725. Ε: Petrans.8C P a.3.Itp(av 8) τ Ἰ0ρ(α 


Dem. 
— - 
t.*205°193. It: Hp.qimaxpfa.).q!maxp(av β) (1) 
-- =" — 
Εν. (1). #20711. 5+: Ap. gq! maxp'a.).Itpfa=A.ltp(au By=A (2) 


t .*205°193 .*207:12.9 
- - > - - 
F: Hp. maxp‘a= A... ltpfa=seqp‘a. Ἰὑρίαυ β)- βεαρίαυ β). 
- - 
[*206:24] >. ltpfa=Itp(av 8) (3) 
t.(2).(3). D5. Prop 
> - 
*207251. +: Pe trans. ye ΒΦ (β -- εἰν). 2.. 10. ἈβἈ = ltp(B — ty) 
Dem. 


— -- 
Ε.κὖ12995.. Ειγωεβ.3..1»Ἐ- 10 -- ey) (1) 
--Ὁ -} 
b.*20725. Dt:Hp.D. Itp*{(@—«uty) v ey} τε 10,8 -- Uy) (2) 
—_ - 
Ε.(2). 51.291. ΞΕ :ΉΡ..γεβ.3..10.β = 0ρβ -- ty) (3) 


F.(1).(8).95. Prop 


- -- - 
ἈΦΟΤ26. ΕἼ: εὐτδη8. (0). ῃ Ε10.48.. 9..10.8β =ltp(B -- εἰν) 
[Κ207.18.12.. Κ2060:72] 
- - - - 
*207-261. | : Pe trans. Ψ ΕἸ] Π 4868. Ἡ ΕἸ»... 2.10» β = ῖϊυρ( — εἰν) 
[*207-26 . κ208:194] 
- -Ὁ - - 
*207-262. | : Pe trans mn connex. ἢ Πρ. 9..10.48β = ltp“(8 — minp*B) 
[207-261 . *205°3] 
- -- - 
#207263. | : Pe trans ὦ connex. 9. ltp‘8 (1008 -- minp‘8) 


[*207:262 . #2412} 
37—2 
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- -- - 
Ἀ9Ο07 27. +: Petransn connex.8nC'Prel.D. ltp‘B = 10» (6 -- ταϊη " β) 
Dem. 


- - -- - 
Ε. Ἀ24Φ26101.. +: παῖ; 4β.- Δ.9..108β -Ξ 10» (β -- minp‘f) (1) 
Ε. κῦ2.181. Ὁ 

—_ 
t:Hp.qiminp’8.>.(qy).ye8onC'P.y+minps. 
[*205°2] >.(qy)-ye(B an COP) —i‘minp’@. minp’S Py. 
[x37-1] >. minp*Be P*(8 — t'minp’f). 

- - 

[*207-251] 9.10. = ltp((8 — t“minp‘P) (2) 
F.(1).(2). +. Prop 


- - 
*207-28, [+:Petrans.3.lip(avu Pa)=Itp'a [*207-25] 


— - - 
*207'281. +: Ρ εἴγ8η8. ΟΠ ! maxp‘a.D. ltp*P“a=Itp‘a 
[*207-28°16 . *205°123] 


- -- > — 
#207282. +: Pe trans.~q!maxp‘a.~q!lmaxp’8.P“a=P“B8.2.ltpfa=ltp68B 


[*207-281] 
- - 
*207-29. Ε΄ Petrans.>. Ἰρ(α -- 10} .,"'α 
Dem. 
- - 
Εν *207°1628.5t: Hp. 2. Itpfa=ltpf(au 4“) ΟΡῚ 
[*201:52] ΞΡ κα: D+. Prop 


—_ 
*207291, +: Petrans mn connex. E! ltp‘a. 3. Pltp‘a = Py a 
Dem. 


> = 
Εν. «20729. DF: Hp.d. ΡΊραΞ ΡΠ, Py “a (1) 
Ἐν «9014172. ΕΑΓ OP. PEP YL Ma Py ie (2) 
t.*207°11:12. Dt: Hp. 2. seqp’ Py ‘a = 0} Py ‘a (3) 
—> 
t .(2).(3).*2063.5b:Hp. 2. Piseqr’ Py a =P ya (4) 
F.(1).(8).(4). 34. Prop 
- - 
*2073. Fran ΡΞ: ΔΛ.3.10ρα- ΒΡ 
Dem. 
--} 
Εν *205°151-161. ΘΕ: Hp.>.maxpfa=A (1) 
-- -» 
Εν *20614, ΕΊΗΡ.9.5εαρα- ΒΡ (2) 
F .(1). (2). *20712. 55. Prop 
420731. §:P GJ. 260'P -A(P+P%).>.altp Px 
Dem. 
> -} 
t.*206-41.5+:Hp.>.maxp'P‘a=A (1) 
-} 
Εν 2064. Ε:ΉΗΡ.9.. aseqp Px (2) 


Ε.(1). (2). Κ2ΟΤ1..2 ΕὈ Prop 
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-} 
*20732. Ε: Pe RifJ a connex. re OCP —-A(P+P*).3.2=ltp'P“e 
[*207°31:24] 
- -Ὁἡ 
*20733. ΕἸ ες Ρ.-- ΡῸ. 5.10 τ [Ἀ205.262. Χ90711] 
- 
207 84, ΕΣ: εσοηηοχ. σ]ύρα. 9. αἸῦ» Βα σε 1(P+FP*) 
Dem. 
—_ 

F.x20715.5+:Hp.d.reOPranOPC Pa.anOPe Px, 

- = 

Pte -- pP“(an CP) (1) 

- .«- - = 

b.x4016. DkranC{PC Px.D.p§PhP 2 Cp Pan CP). 


— -- 
[*22°81] D.—ptP“(an OCP) C— pS PUP Se (2) 
- ς«- --} 
Ε.(4]. (2). : Hp.d.%ceOP. Pie C—ptP Pa. 
> - — <--> 
[%22°42] D.ace OP. Pa Pia. Pa C— p’ PhP“ (3) 
—> 
F.(1).*202'505. +: Hp.d. Pie Clan OP) u PMacan OPC Pa, 
—> 
[22:62] >. Ρῳς PMa (4) 
- 
Ε.(1). #372265. ΞΕ:ΗΡ.9. PMaC PY Pte (5) 
- .-- 
Ε, (4). (δ). I+:Hp.d. Ρώς P!P x (6) 
F.(3).(6).*20715. 9+. Prop 
#20735, |: Pe Rit/ nconnex.3. D‘itp = ΟΡ-- A“ P + Ρὴ 
Dem, +.*20734.9+:Hp. 3. D‘ltp €C -A( P+ P*) (1) 
+. *207715.5+.D‘itpC COP (2) 
t.*20732.3F:Hp.3.C6P—-A“ P= P*) C D'ltp (3) 
Ε. (4). (2). (8). 9+. Prop 
*20736. b+: Pe RI*J a connex.3. 
— — 
D‘ltp = 0} Ῥ4 [ΟΡ — AP + P*)} = ltp*P “CSP 
Dem. 
—_ 
t .*207°32.5t:Hp.3.C*P ~-A( P+ F*) =ltp“P“iCoP —-A(P+P*)} (1) 
—_ 
b. (1). #20735. DF: Hp. 2d. 10» ΞΙ0ρ PS{O°P —- A P= P*)} (2) 
- 
Fk. *207'38. Db. tp ΡΠ ΟΡ nd” P+ ΡΞ Δ (3) 
—_ 
t.(2).(3). It: Hp.d. D'itp = ltp PCP (4) 
F.(2).(4). D4. Prop 


In virtue of this proposition, all limits are limits of classes of the form 


—_ 
P*x. In this respect, limits (in general) differ from segments. If we call 
P*‘e the segment defined by a, there will in general be segments not of the 


-- 
form P‘x, These, however, will be the segments which have no sequents, 
and therefore no limits; thus their existence does not introduce limits not 


- 
derivable from classes of the form 2. 
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*2074. travlimaxpa.=:emaxpa.v.a@itpa: 
- 
=remaxpa.V.~q!maxp'a.xseqpa [(*207°03)] 
*207°401. |. Hminp=limax(P) [(*207°04)] 
*20741. +: Peconnex.>. limaxp, liminpe 1— Cls 
(*71°24 . *205°31 . Κ207:34.. (*207-03:04)] 
- = = 
*20742. ‘sq !maxp‘a.). limaxpfa = maxp‘a [*207°4] 
- = - - 
#20743. b:maxp'a=A.. limaxp‘a -- Βεαρία =Itpfa [*207°4] 
*207-44. Ε΄. ‘limaxp =(U‘maxp v (10; = T‘maxp uv U‘seqp 
[207-14 . (4207-03) 
= - -- 
«207-45. Ε΄. limaxp‘a Ξε maxp‘avltp‘a [(*207-03)] 
*20746. +:.a=limaxp’a.=!:2=maxp'a.v.x=l|tp‘a 


Dem. 
-- 
Εν Ἀ307.4511. 9 Ε το ἢ ! maxpfa. J! #=limaxp'a.=.a=maxp‘a (1) 
- 
Ἐν 901.4.519.. Ε Ὁ. τᾶχρία τ Δ. 2 τὰ τὸ τηᾶχρία « ΞΞ. α Ξε ἰῦρία (2) 


Ε.(1). (2). κΆ82,9 
-- . - . 

ἘπρΕρῸ Ττλαχρία . ὦ =limaxp‘a.v.maxpfa=A.a=limaxp'a:=: 
- 


- 
qi maxp‘a.2 = maxpa.Vv.maxp'a=A.2= ltp‘a (3) 
F. (3). κά 42.9 


Εν a@=limaxp‘a. 


ill 


- - 
=! maxp‘a.« = τΧρία «ΚΝ .Ἰηδχρίατε Δ. ατεϊυρία : 


- 
: Ξε τηδχρίαν «Ἰὐᾶχρίατε Δ. στε]ρα": 


[*30°32 ] = 
[*207-13] =:e0=maxp'a.v.2=Itp‘a:. D+. Prop 
-- -- -- 
#20747. biqtitpa.=.qtlimaxp’a .~q ἵτηδχρία 
Dem. 
-- - - 

Ε΄ #2074511. 3b: q!ltpa. 9. qf limaxp‘a.~q ! maxpa, (1) 

= - - 
F.*20745. Dbsaqtlimaxpfa.wq! maxp'a.Dd.q!ltp‘a (2) 
F.(1).(2). 55. Prop 


-- - 
*207°48. +. limaxp‘a=limaxp*(an ΟῚ [%207°45 . κ905.151. *407°16] 


-- - 
Ἀ407.481. | : Petrans. 9. limaxp‘a = limaxp‘ Py “a 
[*%207°45 .%205°191 . *207°29] 


—_ 
*207°482. F: PeSer.aC OP .a=limaxp'a.d.aC Py‘a 


Dem. 
-- 
F .*205°22. 4907151. Dbk:Hp.a=maxp‘a.d.aC Ρχία (1) 
—_ 
Ε ΓῚ 3420 7:90] . *90°151 e > Ε : Hp . a = Itp‘a Γ 9 . Py fa ς Ρκία . 
r -: 
[90.021] D.aC Py fa (2) 


F.(1).(2). *207-46. 5+. Prop 
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*207°5. +: PeSer. 9. limaxp‘a = seqp' Pa = minp{(maxp‘a v seq p‘a) 
[*206°33°35'37 ] 
—_ 
*207'51. ΚΕ: PeSer.D:e=limaxp’a.=.veC'P. Pla= Pa 
[*205'54 . *207°232°46] 
- 
*20752. F:.PeSer.q! P“a.D:a=limaxp’a.=.Pa=P a [*207-51] 


— 
*207521. Ε:. PeSer. 9: τ ]ρρα. =.veCOP. Pix = Ῥέα, «ΟἿ τ maxp*a 
Dem. 
t.*207°51. 5+: Hp.d: 


veCP. Pe= P“a.~EK! maxpfa.=.2=limaxp‘a.~E! maxp‘a. 
[*207°46] ΞΞ. Φτε ρα :. +. Prop 
. τ᾿ - - 
*20753. ΕἸ PeSer.«  (ΠἼΠππαχρ. 3. limaxp‘limax p“‘« = limax p‘s*« 
Dem. 
= 4 
F.*20751.3b:.Hp.d:aexn.d,. Polimaxp'a = Pa: 


—_ 
[*37°68] 9: Plimax pe = PMS: 
[*4.0°5°38} 9: P imax p« = P“s'x: 
[*207°51 | >: a= limaxp‘limaxp“‘« . =. a =limaxp‘s‘« :. D+. Prop 


= = - 
*207°54. |: PeSer.«c ζ (Τρ. 2. limaxp'ltp‘« = limaxp‘s*« = ltp‘s‘x 


Dem. 
Εν *205°561 . #20713. 3+: Hp.2. serve U‘maxp. 


= ~ 
[*207°43] >. limax p's‘ = Its‘ (1) 
F .*207'13°43.55: Hp. 2. ltp'*« =limaxp*‘«. 
= -- 
[*207°53] >. limaxp‘Itp“‘« = limaxp‘s‘« (2) 


F.(1).(2).5F. Prop 
*20755. +: PeSer.«cC ‘tp. s'ee A Itp. 2. limaxpltp“« = ltp‘s*« 


[*207°54] 
— > 
«2076. +:SePsmorQ. 9. Itpfa=Sltg'8a 
Dem. 

- > Ἂν 

b.*205°8.*3743.5t:.Hp.d:qimaxp'a. =. qt maxg'S“as (1) 
-- => 7 Y 

[*207°11] I:qimaxp'a.D.ltpfa=A.ltsSa=zA (2) 


+ .(1). Transp. *207°:12.29 
- - > > 
t:. Hp. maxpfa= Δ. 9 ltp‘a = seqp‘a. ltg’S*a = seqg’ Sa: 
-- -ρυ 
[Κ206 61] Ὁ : ltpfa Ξε S“‘ltg!S‘a (8) 
Ε.(2). (3). 97.20.3 Ε΄ Prop 
*20761. +:.SePsmorQ.:E!ltp‘a.=.H! Ite Sa [*207°6 . *53°3] 


584 SERIES [PART V 


420762. +: Se Psmor Q.E! ltpfa. >. ltpfa= S'ltg'Sa [4207-6 . #53°31] 
4207-63. Ε: Se Pamor Q.D. tpt = Sltg Sx 
Dem. 
--ἑ wv 
Εν 2076. «40°. DE: Hp. 2. Itpt ae = 9S ]t gS 
[κ40.38.] = S*ItgS es Ὁ Εν Prop 
> > oy 
*20764. |: Se PsmorQ.. limaxp‘a = S‘‘limaxg‘S“« 
[4205-8 . x207°6'45] 
420765. /:. SeP amt Q.3:E! limaxp'a. =. El limaxg‘Sa 
[901 64] 
420766. Ε: SePamorQ. Et limax,‘a, >. limaxp‘a = S*limaxg'S“a 
[207°64} 
#2077. Εἰ, Petrans.v.P?CJ:): 
᾿ Liminp*y = limaxp*y. Ὁ « liminp“y = minp‘y = maxp"y 
Dem. 
Εν 20 7.42.48., 9 Ε : ΕἸ Τ minp’y. E! limaxp*’y.~ HE! maxp’y.). 
limin p‘y = minp‘y . limax p‘y = seq p*y « 


[*205'11.%206°2] >. liminp’y ey. hmaxp*’y~rey. 

[¥13°14] > « limin p‘ry + limax p*y (1) 
Similarly 

t: Et maxp‘y. E! liminp*’y .~ E! minp*y. 3. liminp’y + limax p‘y (2) 
F .*206°732 . #207-43°12 . 2 

Ft: Hp. ~E! minp’y.~ EI maxp‘y. 9 .~ {liminp‘y = limaxp‘y} (3) 
Εν (1). (2). (8).32 Hp. hminp‘y =limaxp’y. >. ΕἸ Τ minp*’y. E! maxp‘y. 
[*207-42 ] >. liminp‘y = minp*y = maxp*y: DF. Prop 


*207°71. +:.Peconnex: Petrans.v. f?¢ J: liminp‘y =limaxp‘y: 5. 
yaOPel.yan CP =tlimaxp’y 
[*207°7 . *205°73] 
*207°72. 1:. Peconnex. P?€J.9: liminp’y =limaxp’y.=.yn C'P el 
(«207-71 . *205°731:17 . *207°42] 


*208. THE CORRELATION OF SERIES 


Summary of *208. 


The propositions of this number are chiefly important on account of their 
consequences in the theory of well-ordered series («250 ff.) and in the theory 
of vector-families (*330 ff). When two well-ordered series are ordinally 
similar, they have only one correlator; and a well-ordered series is not ordinally 
similar to any of its segments. Of these two propositions, the first is an 
immediate consequence of *208'41, and the second is an immediate con- 
sequence of *208°47. 


Propositions concerning correlators of two relations P and Q are obtained 
from propositions concerning correlators of P with itself, by means of the 


fact that, if S, 7’ are two correlators of P and Q, S| 7 is a correlator of P 
with itself, Again, correlators of P with itself are considered, in this 
number, as a special case of correlators of P with parts of itself. This 
latter is a notion which will prove important for other reasons than those for 
which it is used in our present context. If P is connected, and S correlates 
P with part of itself (so that SPC P), ΟΡ will contain terms of three 
kinds, (1) those for which S‘z= a, (2) those for which (S‘z) Px, (8) those 
for which xP (S‘x). Our propositions result from the non-existence (under 
certain circumstances) of maxima or minima of classes (2) and (8). 


The following definition defines “correlations of P with parts (or the 
whole) of itself.’ The letters “cror” stand for “ordinal correlation.” For 
a cardinal correlation, should occasion arise, we should use “er,” Δ6. we 
should put 

crfa=s‘sma‘Cl‘a Df, 
so that Secrfa.=.Selt31.dS=a.DSCa. 
For the present, we are concerned with the corresponding ordinal notion; 
thus we require 
SecrorsP.=.Sel71.0S=CP. PEP. 
This is secured by putting 
cror‘P =s‘smor P“RI‘P Df. 

It will be observed that if a is what we called a “non-reflexive” class 
(cf. 5194), cr‘a=e'T fa, and Secrfa.>.D*S=a. When C“P is non-reflexive, 
the same is true of P; and when C“P is reflexive, P is also reflexive, in the 
sense that it contains proper parts similar to itself, though if P is well- 


ordered, such proper parts cannot be segments of P, but must extend to the 
end of C«P. 
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The class of correlators of P with the whole of itself, 7.e. Psmor P, is 
a sub-class of cror‘P, and is specially important. This class differs widely 
in its properties from the corresponding cardinal class. If a has more than 
one member, the class a Siia (which is the “permutations” of a in the usual 
elementary sense) always has more than one member. But the class Psmor ἢ 
(which consists of such permutations of C‘P as keep the order unchanged) 
will consist of the single term [[C*P, unless C*P contains classes which have 
neither a minimum nor a maximum, in which case there will be many corre- 
lators of P with itself. As a simple illustration, take the series of negative 
and positive integers in their natural order. Then if ν is any one of these 
integers, Ἐν is a correlator of the whole series with itself. If we take only 
the positive integers, +v is no longer a correlator of the whole series with 
itself, since all integers less than v are omitted from the correlate. 


The first important use of the propositions of this number is in the 
beginning of the theory of well-ordered series (*250). The propositions there 
used are 
*208'41. Ε: Peconnex. ΡΟ), Οἱ ὀχ ΟἽ C U‘minp v U‘maxp. 

PsmorQ.).(P smor Q)e1 

Ie. if P is connected and asymmetrical, and every existent sub-class of CP 
has either a minimum or a maximum, P and Q cannot have more than one 
correlator. 

*208-42. In the same circumstances, P smor P= t(ITC*P) 
*208-43. +: Clex‘C*PCd‘minp. Secror‘P.>.~(qz). (Stax) Px 


1.6. if every exiscent sub-class of C“P has a minimum, a correlator of P with 
part of itself can never move terms backwards. Thus for example, to take 
a simple instance, an infinite series consisting of some of the natural numbers 
in order of magnitude cannot have its wth term less than μ. 


*208'45, |: Peconnex . Clex‘C*P CU ‘minpn U'maxp.9. RIP a ΝΡ =P 


I.e.if P is connected and every existent sub-class of ΟἿ has both a maximum 
and a minimum, no proper part of P is similar to P. This proposition is 
important in the theory of finite series and finite ordinals. 


«-- 
Ἀ208.46. Ε: Clex‘C*PC(U'minp. ϑ'εοτον.9. ΟΡ ΑΡ ΡΞ Δ 

Ie. if every existent sub-class of C‘P has ἃ minimum, a part of P which is 
similar to P must go up to the end of P, 6. must not wholly precede any 


member of C«P. 
#20847, Εἰ Clex‘O*P CU'minp.Q EP .qt ("Pn p'P"O'Q.>.~(Qsmor P) 
This is an immediate consequence of *208°46. 


The proof of the above propositions proceeds simply by showing that 
if Secror‘P and (S*z) Pz, then (S‘S‘x) P (S‘x), so that « is not the earliest 
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term for which (S‘x) Pa, since S‘x is an earlier term for which the same 
thing holds. Hence ὦ {(S‘x) Px} can have no minimum; and similarly 
& {a P (S‘x)} can have no maximum (*208'14). So far we require no hypothesis 
as to P. Assuming now Peconnex.f?CJ, we show similarly that if S 
correlates the whole of P with itself, #{(S‘r) Pa} can have no maximum and 
® {a P (S*x)} can have no minimum. 


Propositions about correlators of P with @ follow from the above by 
taking two correlators S and 7, and applying the above propositions to 


S| 7, which is a correlator of P with the whole of itself. 


*208°01. cror‘P=s‘smor P“RIf‘P Df 
#2081. -+:SecrornsP.=.Sel31.d8=COP. PCP 
Dem. 
Εν 40-4. (#20801). 151-11. 
F:SecrorsP.=.(q¥).QEP.Selol1. G8=CP.Q=SP. 
[#13195] =.Selow1l.d8S=O'P.SPEP:3+. Prop 
*20811. +:SecrorsP.3.9PE PE DS 


Dem. 
F.#*150'203.Dt:.Hp.d:2(S9P)y.3.2,yeD‘S (1) 


Ε.Ἀ2081. Drs Hp. d:a(SiP)y.d.aPy (2) 
F.(1).(2). DF. Prop 
«208111. Εἰ SecrorfP.3. D‘S=C1S3P=S°COCP. DISC ASS 
[*150°22-23 . *208°1 . #33°265] 
#20812, b:SecrorP.>.39P=P.PESP [#5125226 . #2081] 
*208:13. +: Secror’P.(S‘x) Px.3.(S'8*) P (Sa) 
Dem. 
Εν 420812. +: Hp.d. (Sn) (SP) a. 
(*150°41] >. (S*S'x) P (Sta): D+. Prop 
¥*208:131. Ε: Secror‘P. xP (S‘z). 9. (S'x) P(S‘S*x) [Proof as in *208°13] 
420814, +: SecrorP >. minp'@ (Sx) Px} =A. maxp'@ {aP (S'n)} =A 
Dem. 
Εν 208-13 .*203.3h:. Hp. d:268((S'x) Pr}. D.S'reR [(8 2) Βα. (δ) Pa. 


[437-105] >. ce PS {(S'e) Pa} (1) 
H.().#248. Db rHp.d.2 (Se) Pa} - Ριῳ (Sx) Pal =A. 

[x205-11] >. minp‘@ (8.4) Px} =A (2) 
Similarly t:Hp. >. maxp@ {aP (S‘x)}= A (3) 


Ε.(3). (3). 9 Ε΄ Prop 
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Thus the proof that # {(S‘x) Px} has no minimum, and #{#P(S*x)} no 
maximum, requires no hypothesis as to P. The proof that ἢ {(S*‘x) Pa} 
has no maximum, and #{#P(S‘x)} no minimum, requires the hypothesis 
Peconnex.P?GJ. This proof results from the following propositions. 


42082, +: Peconnex. GJ. SecromP.>.P=9P. SP =PEDS 
Dem. 


.€15041. Ds. Hp. d:2(S3P)y. τ. (Sx) P(S*y). 

[%50°43°4.5 ] 2. Sa Sty ow (Sty) P (S*)} . 
[#30°37 150°41] D.aty.~fy (SIP) a}. 
[*208-12.Transp] D.acky.~(yPa) (1) 
Εν #150208 . Dhra(SP)y.d.2, yeas (2) 
b.(2). #2081. Db: Hp. d:2(SP)y.d-a,yeCP (3) 
F .(1). (3) .#202108. DF. Hp. D:a(S3P)y.d.aPy (4) 
b.(4).420812. Dk: Hp.d.P=SP (δ) 
Ε.(Ὁ). Dt: Hp.d. 3}}Ρ- 5: 

[κ160.38] = PPED‘S (6) 


F.(5).(6). >. Prop 


*208°'21. -: Peconnex. P?GJ.Secror‘P. (Sx) Pa.veDS.3.aP (δ) 
Dem. 
F.*33'43. Db: Hp. 3.8%) (PE DS). 
[2082] 5. (Sx) (53). 
[1 50°41] 9. (δ σὴ) P (Sa). 
[κ72.24]..κ88.48] 9. φΡ(ϑα): D+. Prop 
4208-211. +: Peconnex. P?G J. Secror'P. cP (Sx). ὦ ε DS. >. (Sx) Px 
[Proof as in *208°21] 
*208-22, +: Peconnex. P?CJ.SecrorP.a‘SCD‘S.)D. 


- > 
max "ἢ {(S‘x) Px} = A. minp® {aP (S‘z)f =A 


Dem. 
Εν 43343. Dh. Hp. d:(S2) Px. dD. ceD‘S. ces. 
(«208-21 ] >. aP (Sa). 26'S. 
[72-241] 9.2 Ρ (Stax). Swe (Sx) Pa}. 
[437-1] >. we PHO {(8'a) Pa} (1) 
Εν (1). #205123. >: Hp. >. maxp' (Sx) Pa} = A (2) 
Similarly F:Hp.>. minp‘? {cP (S‘x)} =A (3) 


Ε. (2). (8). 4. Prop 
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Observe that, in virtue of 208111, the above hypothesis gives 
D‘S=U‘S = C*P, so that Se Psmor P. Hence we are led to *208°3. 
#2083. &:Peconnex. P?CJ.S¢ePsmorP.>. 
-} 
wy! minp 2 {(8'x) Pa} wal maxp? ((5.2) Pa}. 
= 
wy! min’? {xP (S*x)} .~ ql maxp'? (a P (S‘z)} 


Dem. 
Fb. #15111 .*15023. 5+: Hp.>.Sel—1 .8S=OP.SP=P.DS=CP, 
[*208'1] >.SecrorsP.d°S = D‘S (1) 


F.(1).%*208'14'22. D+. Prop 


#20831. +:5,%ePamorQ.>.8|TePamorP [151-131-141] 


#20832. Ε: Peconnex. P?CJ.S,Te Psmorqd.>. 
mg Iminp @ (S12) Pa}. og! maxp'@ {(S*T*2) Pa} 
wg lminp [aP (S*T*a)} τος tmaxp'd [2 (S*T*a)} 
[4208°3-31 . #34-41] 


*208°4. b+: Peconnex. P?GJ.Clex‘C*P CUminpv Usmaxp. 
S,Te Psmor Q.>.S=T7 


Dem. 
F .208'32.. Db: Hp.d. ἢ [(8*Ta) Pa} τε Δ. ἢ (ΩΡ (S*T*x)} = A (1) 
Εν #20831 43441. Dh Hp. DiweC*P.D.8Txe OP (2) 
b. (1). (2). #202108. DF Hp. DiweOP.9.S'Taan. 
[472-241 ] >. Pa = Sa: 
[150-23] D:eeDSUDT.D. Te= Se: 
[*33°46] 2:S=T: 9+. Prop 


#20841. &:Peconnex. PCJ. Clex'C'P C d‘minp v T*maxp. 


PsmorQ.>.(Psmor Q)el 
[*208°4 . *151°12 . *52°16] 


The above proposition is of great importance in the theory of well-ordered 
series. 


#20842. +: Peconnex. ΡΟ 7, ΟἹ οχ ΟἽ Cd'minp v U*maxp. 9. 
Psmor P =I f CP) 
[*208-4 51-141 . 151121] 
*208°43. ΕἼ: Clex‘C*P C U‘minp. SecrorfP.>.~(qax). (Sx) Pa [*208°14] 


#208431. Ε: Clex‘O*P C U'maxp. Secror’P.3.~(qz).#P (Sx) [*208°14] 
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*208°44 +: Peconnex. Clex‘C'P Cd‘ming n U'maxp.SecrorsP.>. 


S=IT CP 
Dem. 
b . *208°43°431 .*202'1038. 3: Hp.di:eeC{P.D.Sae=a., 
(50°14.435°7] 9. S%e=(UP CP) a: 
[*208°1.%*50°5°52] ιφεσίϑυ Cd Ο.Ρ).9. ϑῳω ΞΡ): 
[*33°45] 9: πε Π OCP: D+. Prop 


In virtue of this proposition, if P is a finite series, no proper part of P is 
ordinally similar to P. (It will be shown later that a finite series is one 
in which every existent contained class has both a maximum and a minimum.) 
The following proposition gives a more explicit form of the above result. 


#20845. Ε: Peconnex. ΟἹ ΧΡ C U‘minpn U'maxp. 9. RifPa NrfP=t'P 


Dem. 

t.*208441. Db: Hp.d:Selol.dS8=CP.GPEP.D.S=IPC'P. 
[*150°534] >.9P=P (1) 
b.(1).*1812.3+:. Hp.3:Q6€P.Selo1.AS8=C°P.Q=SP.3.Q=P: 
[#15171] 2:QGEP.QsmorP.3.Q=P: 

[152-1] >: RiPaNr'P CUP (2) 
ΒΕ. κθ184. #1523. DF. PC RIP a Nr‘P (3) 
F.(2).(3). DF. Prop 


The following propositions are useful in the theory of segments of well- 
ordered series, since they show that a well-ordered series is never ordinally 
similar to any of its segments. 


4208-46. Ε: Clex‘O'P CU‘minp. Se crorP.3.O'P n p'P“D'S= A 
Dem. 
F.*208'1. DE: SecrorfP.DiaeC*P ΡΟΣ D.(S*x) Pa: 
{Transp] I:~ {(S*z) Pal .D.ave OP ap PHD'S (1) 
Εν. (1). 4208-43. Dt: Hp. 9. (a). ave OP n p'P“D‘8: Ὁ Εν Prop 
*208-461. Ε : ΟἹ ΧΟΡ C(U‘minp. SecrorsP.q!iP. 3. py PYD‘s = A 
[*%208°46°1 . *40°62 | 
*208-47. Ε:0] ΧΟΡ CU‘minp.QGP.q! OP ap PHOrd, >.~(Qsmor P) 
Dem. 
F .*208°46 .(*208°01).> 


bre Hp.d:QGP.SeQamot P.>.0'Pap P*DS=A (1) 
Εν (1). Transp . *151°11 . #150:23.5 
«- 
Ἐ:ΉΗΡ.: ΡΟ ΟΡ nan piPKced.d.(8).S~eQsmor P. 
{*151-12] >.~(Qsmor P):. +. Prop 


SECTION B 


ON SECTIONS, SEGMENTS, STRETCHES, AND DERIVATIVES 


Summary of Section B. 


In this section, our chief topic will be sections and segments. This topic 
will occupy *211, #212 and *213, and *210 will consist of propositions whose 
chief utility lies in their application to segments. In *214, we shall consider 
Dedekindian series, which are intimately connected with segments, owing to 
the fact that one of the chief propositions in the subject is that the series of 
segments of a series is Dedekindian. In *215, we shall consider “stretches,” 
which consist of any consecutive piece of a series, and are constituted by the 
product of an upper and lower section. Finally, in *216, we shall consider 
the derivative of a series, or of a class a contained in a series: the former 
is the series of limit-poits of the series, 1.6. P[ D‘ltp, the latter is the class 
of limits of existent sub-classes of an CP, ie. ltp“Clex(an ΟΡ). 


A class is called a section of P when it is contained in CP, and contains 
all the predecessors of its members, 7.¢. a is a section of P ifaCC’P, P“aCa. 
Thus a section consists of all the field up to a certain point. It may consist 


- 
of all the predecessors of a, 1.6. it may be of the form βίῳ; or again, it may 


consist of these together with x, in which case it is of the form P'x ut‘z; or 
again, it may be not definable by means of a single sequent or maximum, 
but be of the form P*‘a, where a is a class without a limit or maximum. 


The class of sections of P is denoted by sect‘P. A section of P will be 
called an “upper section” of P. 


The idea of a segment is slightly less general than that of a section. We 
define a segment of P as any class of the form Pa, i.e. as any member of 
D‘Pe. Provided P is transitive, segments are contained among sections. 
But even in a series sections are not, in general, contained among segments: 
if P is a series, and if ὦ is a member of ΟΡ which has no immediate 


> 
successor, δίων t‘x will be a section but not a segment. 


If a segment has a maximum, it must also have a sequent. Segments 
which have no maximum form a specially important class of segments: these 
are classes a such that a= P*‘a; they form the class D“(P, A J). 


The properties of sections and segments considered as classes of classes 
are many and various: they are considered in *211. In *212, we pass to 
the consideration of the series of sections and segments. These series are 
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P,,[sect‘P and P,,[ D‘Pe (cf. #170). The series of such segments as have 
no maximum is P,, [D“P.AT). We put 
(P= P,,[ DP. Df, 

sgm‘P=P,.[DY(P.AL) Df. 
It then appears that 

o‘Py =sgm‘ Py = P,,[ sect*P, 
so that it is unnecessary to introduce a special notation for the series of 
sections. 


Whenever P is connected and transitive, P,,[ D‘P. turns out to be 
equivalent to logical inclusion combined with diversity (with the field 
limited to D‘P,). That is to say (*212°23), 

t: Petransn connex.3.9'P =48 fa,8eD‘Pe .aCB.a+ fh. 
Hence it follows (*212°24) that 
F: Py econnex.). s§Py = 48 {a, Sesect*‘P.aC B.a+ 8}. 
We have also (*211°6°17) 
t:. Py econnex.a,8esect*'P. DiaCo.v.8Ca. 
Hence it easily follows that whenever Py is connected, s‘Py is a series. 
Similarly s‘P will be a series if P is transitive and connected. 
The fact of connection, which is required in order that s‘P or ¢‘Py may 
be a series, results from 
a,Besect'P.DiaCB.v.8Ca 
or a,BeD6Pe.D:aC8.v.BCa. 
In order to deal with such cases generally, we study, in a preliminary 
number (*210), the consequences to be deduced from the hypothesis 
a,Bex.DagiaC8.v.8Ca. 
We find that, with this hypothesis, putting 
Q=a&PR(a,Bex.aCB.a+Z), 
Q= P,[ «if « C Cl°C*P (*210°13), and thus in the same circumstances P,,[ « 
is a series (210714). 


The interesting point about such series is their behaviour with regard to 
limits. Assuming that « is not a unit class (so as to insure 4! Q), if X is any 
sub-class of κ, the logical product p‘A is the minimum of ἃ if it is a member 
of > (#21021), and the lower limit of if it is a member of « but not of ἃ 
(*210°23), Similarly s% is the maximum of ἃ if it is a member of λ 
(*#210°211), and the upper limit of % if it is not a member of ἃ but is a 
member of « (#210231). Thus if « is such that, whenever XC x, we have 
8'λ εκ, it follows that every sub-class of « has either a maximum or a limit, 
ae, the series P,,[ « is Dedekindian. Now each or the three classes sect‘P, 
D‘P., DP. A J) verifies this condition, ze. the sum of any sub-class of any 
one of these classes belongs to the class in question (*211°63°64°65). (This 
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holds without any hypothesis as to P.) Hence we arrive at the result that 
s‘Py (i.e. the series of sections) is a Dedekindian series whenever Py, is 
connected and P is not null (#21432), while s‘P (1.6. the series of segments) 
is a Dedekindian series whenever P is transitive and connected and not null 
(*214°33), and sgm‘P (the series of segments having no maximum) is a 
Dedekindian series whenever it exists and P is connected (*214°34). These 
propositions are important, and are the source of much of the utility of 
sections and segments. 


For many purposes, especially in ordinal arithmetic, it is necessary to 
consider sections not as classes, but as series. That is to say, if a is a 
member of sect‘P, we want to deal with Pa rather than with a. The 
series of all such terms as P[ a might be supposed to be P[j¢‘P,. But 
here a limitation is necessary owing to the fact that, if BOP exists, A and 
u'B‘P are both sections, and PEA and δ. ΒΡ are both A, so that 
Pis'P, will be a relation which A will have to itself. In order to avoid 
this, we first exclude A from the sections to be considered, and thus put 

P,=PP(sPy) EC (—efA) Df. 
Then Ps; is the series of sections considered as series. Provided P,, is a 
series, the relation P, holds between any two members Ὁ and # of its field 
when, and only when, Q@R.Q+R. The subject of P, is considered in 
#213; the utility of the propositions of this number will not appear until we 
come to ordinal arithmetic. 


The subject of Dedekindian relations is next considered (*214). We 
define a Dedekindian relation as one such that every class has either a 
maximum or a sequent. A Dedekindian series must have a first and a last 
term, since the first term must be the sequent of A, and the last must be 
the maximum of the field. A Dedekindian series may be discrete, or compact 
(i.e. such that there is a term between any two, ze. such that P*= P), or 
partly one and partly the other. A finite series must be Dedekindian: a 
well-ordered series is Dedekindian if it has a last term. But the chief 
importance of the Dedekindian property is in connection with compact 
series. A compact Dedekindian series is said to possess “Dedekindian 
continuity”; such series have many important properties. They are a 
wider class than series possessing Cantorian continuity; these latter will 
be considered in Section F of this Part. 


R&W II 38 


*210. ON SERIES OF CLASSES GENERATED BY THE. 
RELATION OF INCLUSION 


Summary of *210. 


In the theory of series it frequently happens that we have to deal with 
a class of classes such that, of any two, one is contained in the other. 716. 
if « 1s the class of classes, we have 
a,Bex.DdagraCh.v.8Ca 


Instances of this are afforded by the various classes of sections, to be 
considered in *211. When « fulfils the above condition, the classes com- 
posing « can be arranged in a series by the relation of inclusion (combined 
with inequality), 1.6. by the relation 


8 (a,Bex.aCB.a+ 8), 
or, what comes to the same, 
48 (a, β εκ. 18 -- αν. 
If P is any relation such that « ζ Cl‘C*P, the above relation of inclusion is 
equal to 
Py «. 
(For the definition of ᾽ς, see *170.) Thus under the above circumstances, 
P,,[ « is a series, whatever P may be. 


The importance of such relations of inclusion, as generators of series, 18 in 
connection with the existence of maxima and minima or limits. If we put 


A 
Q=48 (a, 8exn.q! 8-4), 
where « satisfies the above condition, then if \C«, and if δίλ εκ, s*X 15 the 
maximum or the upper limit of \ with respect to Q, according as s‘A is a 
member of X or not. Similarly if ρόλ εκ, p*rX is the mimimum or lower limit 
of X, according as p‘X is a member of A or not. Hence if « is such that the 
sum of any sub-class of « is a member of «, every sub-class of « has either 
a maximum or an upper limit; and if the product of every sub-class of « is 
a member of «, every sub-class of « has either a minimum or a lower limit. 


In order that every sub-class of « should have a minimum or a lower 
limit, it is sufficient that the swm of every sub-class of « should be a member 
of «. For, if \ is any sub-class of «, ecnsider those members of « which are 
contained in p‘n, 1.8. 

Kn Cl%p. 
If p‘v εκ, the sum of these classes = ρίλ, and is the lower limit or minimum 
of «. But if p'r~ex, then every member of « which is not contained in 
s*(« ὦ Cl‘pX) is also not contained in p‘A, and is therefore not contained in 
some member of A. Hence s‘(« ὦ Cl‘p) is the lower limit of 2d. 
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It is owing to these propositions that segments of series are of such great 
importance in connection with limits. 


The hypothesis that if ἃ C x, p‘A is a member of «, will usually fail to be 
verified in the case when A= A, since in this case p‘A=V. But all the 
results desired can be obtained from the hypothesis that, if\ Cx, (pfrn sx) ex. 
This hypothesis is equivalent to the other except in the case of A, in which 
case it requires s‘xex, which is much more often verified than V εκ, which 
was required by the other hypothesis. 


The principal propositions of this number are the following: 
#2101. bia, Bex.D,g:aCB.v-8Ca:.:.0,8ex.d:aCB.at8.=.q!R—a 
#21011. :Q=48(a,Bex.aCB.at+8).D.Qetransa RIS 
*210°12. |: Hp *210°111.5.Qe¢Ser 
#21013. F:Hp*21012.«CClCP.3.Q0=P,C« 
*2102. +: Hp*210'12.«se1.5. ming’ =Ankalp(Ank) 
*210°21. ΕἸ Hp*2102.ACK.prer. 2. ming A= ptr 


*210°211 gives an analogous proposition for sf’ and maxg. We shall not 
here mention such analogues, unless for some special reason. 


*210-23. b: Hp*2102.ACK.pirex~A.D. ptrA= preco'A= thor 
*210°232, Εἴ Hp*2102.ACK.prex. >. pAr=liminp'A 
- - 
#210251. Fs. Hp *2102:A CK. 3χ. 9! λεκεϑελζκ. 3.5 λε(ᾶχολ ν 8660.) 
#210°252, F:. Ηρ ἈὩΙΟ2ιλΟκ. 9.» λα ϑίκεκι: 
- - 
VCK.d. pr n 8'κε(τῖπρλ ν ργθορίλ) . pA ἡ 88x = liming’A 
*210°254. +: Hp Ἀ210:251. 3. (λ).Χε U'maxg v T'seqg 
*210'26. Ε: Hp*2102.ACK.piranrer.s{xeaClparjex.d. 
(«a ΟἸ φίλ) = precg‘r 
*210°28. |: Hp *210°2.s*Cl*%*Cx.d. 
(A). re (A‘'maxg νυ (8660) (A'ming v C‘precg) 
Thus if « is a class of not less than two classes such that, of any two of 
its members, one must be contained in the other, and if Q is the relation 
aC 8.a+ 8 confined to members of «, then Q is a series («210°12) in which, 
provided the sums of sub-classes of « are always members of x, every class 


has either a maximum or an upper limit, and every class has either a 
minimum or a lower limit (*210°28). 


The reader will observe that, if a,8ex.D,,2:¢C8.v.8Ca, any finite 
sub-class of « must contain its own sum and product as members. For 
example, if we have two classes a and 8, ᾿ξ ας β, then a=p(i‘aue‘'S8) and 
B=s(t'avt*'8); if we have three classes a, 8, γ, and aC@.8Cy, then 

38—2 
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a=p(iauviBuity) and y=s(taveButty); and so on. Thus the 

hypothesis s*‘Cl‘<Cx« is only required in order to enable us to deal with 

infinite snb-classes of «. 

#2101.  br:a,8ex-DaptaCB-.v-@Cai.d:.4,Bex.D:aCB.a¢8-=.qiB—a 
Dem. 


b. #246 DkraCB.atB.d.q!B—-a (1) 
#2455. Dhiqi@—a.Dd.~(8Ca). (2) 
[22-42] D.at8 (3) 
+ .*2°53 . Dt:.Hp.a, Ben. .n(8Ca).9.aC β (4) 
t.(2).(3).(4). Dk: Hp.a, Bex. I:q!@-—a.Dd.aCB.atZ (5) 
t.(1).(5). DF. Prop 
#21011. b:Q=88 (a, 8ex.aCB.atf).>.Qetransn RIV 

Dem. 
b.x5011. Dt: Hp.d.Q@eRIV (1) 
+ #2244, Db:.Hp.Dd:aQ8- BQy.d.aCy (2) 
Ε. #246 .*21:33.3b2Hp.d:aQ8.BQy.3.q!8—-a.8Cy: 
[#2458] D.qiy—a. 
[24-21] D.aty (3) 
Ε. (2). (8). Dk: Ηρ. τα β. BQy.2.aQy (4) 
Ε- (1).(4). DF. Prop | 
#21012, +: Hp#*210°1:11.5.QeSer , 

Dem. 
F.xl01. Dk: Hp.aBew.dDi:aCB.v.8Ca: 
[*5°62 | D:aCB.atP.v.8Ca.B+a.v.a=P (1) 
F.#*2133. Dk: Hp. Dd:aQ8B.d.¢-4, Ben: 
[*33'352] 2:0°QCK (2) 
Ε. (1). (2). DFt: Hp.d:.0, Be O18. 3:aQ8.v.8Qa.V.a=8 (3) 


F. #21011. (8). %*20412.94. Prop 
#210121. Ε: Hp *21012.9.D'Q=«-t%s'x. dQ =n -- Up κ 
Dem, 


Ε. 21.838. ΕἼ ΗΡ. 9 τα ε΄ 0. τ: αεκ(β). βεκιαςζβ.αΐξβι: 


[*210°1] =raex:(q8).Bex.qiB—a: 
[*40°151.Transp] =:acex.q!s*e—a: 

[24°55 ] HSraexn.~(s*e Ca): 

[*22°41.%40°13)} =raex.at+s"k« (1) 
Εν. Κ21.58. ΕἸ: Hp. di0¢0Q.=:aeK:(G8). Bex. BCa.Bta: 
[*210°1] =raex:(q8).Bexn.qla-—B: 
[*40°15.Transp] =saex.qla—p‘«: 

[#2455] =1a@ex.r(aCpfe): 

[22°41 40°12] =raex.atp'« (2) 


Ε. (4). (2). 4. Prop 
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*210°122. Ε: Hp *210°12 .n#rne1.d.CQ=« 


Dem. 
Ε. Ἀ52181. 3b: Hp. 9: αεκ. D:(q8). Bex. Bea: 
[Hp.*10°1] D:(qh): Ben. B+araCP.v.BCa: 
[*21°33] D:(qB): Ben: aQB.v.BQa: 
[*33'132] D:aeCQ (1) 
Ε. #2133. Dk: Hp.3:aQB.I.2.4,8eK! 
[*33°352] I: CQCk (2) 


F.(1).(2). DF. Prop 
#210123, Ε: Hp *21012.cc0¥ul.>.Q=A 


Dem. 
F.*52°41. Transp. +:Hp.d.~(qa,8).a,8ex.a#P.., 


[*21°33] D.~(qa, 8)-aQ8:It. Prop 
#210124. Ε:. Hp *210°12.5:aQ8.=.0,8exn.q!8-—a [*2101] 
*21013. +: Hp *21012.«CClC'P.3.Q=P,.[ « 


Dem. 
-.*170102.3+:.Hp.d:a(P, [x B.=.a, Bex. qiB—a—P(a—s). (Ὁ 
[*210-124] >. aQe (2) 
F.*2101:124.5F:. Hp. 3:aQ8.3.a,8exn.qi8—a.aCp. 
[*37°29] D.a,8ex.qiB—a.P“(a-Bj=A. 
[424-2313] D.0, Bex. Gq! 8—a—P"(a—p). 
[(1}]} 9..ἀ(Ρμ κ)β (3) 


F.(2).(3). 5+. Prop 
Thus under the hypothesis of *210°1, P,,[ « does not depend upon P, so 
long as κ CCI‘O*P. Also we have 
*21014. &: Hp*2101.«CCIlCSP.3. Pf «eSer 
[*210°12°13] 
#21015, b:. Hp *21012.a, Bex. D:~(aQ8).=.8Ca 
[#210124 . #2455] 


#21016. ΕἸ Hp*21071.9:. 
aex.rCe.DiaCpr.v.prCaraCsr.v.sraCa 


Dem. 
F.x101. Dts: Hp.aew.rACe- Iu Ber. dgiaCB8.v.8Ca:. (1) 
[*10°57] 3:1 Ber.Dg.aC Bivi(qB).Ber.BCa:. 
[%40°15°12) DraCpr.v.prACa (2) 
Εν. (1). ΚΙ 057. 2 
bi: Hp.aex.rACw. 22. Ber. 3 .βζαϊν:(ηβ)Ἐ)ἅ.βεκ.αςζβιε. 
[%40°151:13] Di8rACa.v.aCsr (3) 


Ε.(2). (3). D+. Prop 
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421017. b:Hp#21012.4CK.>. 


κ-- Or =K0 Cpr. κ-- ρ ἐλ τ Kn} (SAC) 
Dem. 
+ .*37'105. Transp. DF :.aex-Q*A. Brae: Ber. dp. (BQa) (1) 
Εν. (1). Κ91015.2 


bis Hp. Ds.aee—Q rx. Sant Bed. Dp aC: 
[4018] zraeanClpar (2) 
Similarly k:. Hp. D:aex—Q*A.=.aexand(srxCy) (3) 
Ε. (8). (8). DF. Prop 
#2102, +: Hpx*21012.n~re1.). ming'N=AA καρ ἃ κὶ 

Dem. 

- - 

Εν #205°15 .*210°'122. Ὁ :Ηρ. 3. ming’A = ming(A A x) 
[4205°11] =raw—Q“(rAx) 
[*210°17] =AnKknClp(A nx) (1) 
F.x4012. 3h: aertnn.dsp(Ank)Ca: 
[22-41 ] DiaCp(Ank).=.a=p(ANk) (2) 
Ε.(9). κ582.3Ε An κα Cl pAnk=AnKnip(ANnk) (3) 
F.(1).(8). 9+. Prop 


Observe that Anx«nt‘p(Anx) is either t‘p(Anx) or A, according as 
ρ΄ nx) is or is not a member of An«. 


-} 
*210°201. ΕἸ: ΗΡΚΖΙΟΣΖ.λΟκ. 9. παἰπρίλτλολ 
[κ2102..κ29.621] 
.- 
*210°'202. Ε: Ηρ 2102. 3.. πιᾶχορίλ τὰ ἃ καὶ ἃ τ'ϑ'(Ἃ ἡ κ) 
[Proof as in *210°2] 
--} 
ΚΩ10.203. +: Hp «2102 .ACK.Dd.maxgA=AAN LSA 
[*210°202 . *22°621] 
#21021. +:Hpx2102.010CKe.prAcr.>. ming rA= pA 
[210-201 . #51-31] 
*210°211. ΕἸ Hp*210°2.ACK.sAeA.D. maxg’rA = sr 
[210-208 . *51°31] 
- 
Ἀ21022. +: Hp*21012.AC Kc. pararerd.d.~ gl ming’A 
(*210°201°128 . *51-211] 
- 
ἈΩ1Ο 221. Ε: Hp Ἀ91012..λ Cx. ϑίλευελ,. Dd vg! maxyrA 
[*210°203°123 . κ1.211] 


#210222, +s. Hp*210°2.ACK.d:prerA. =. El ming A 
[%*210°21°22] 
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*210°223, Fs. Hp *210°2.X4CKe.D:8 AeA. =. EI maxg'r 
[%210°211-221] 


*210°23. /:Hp*2102.ACK.pNex—A-D. pA = precg’r = tloA 


Dem. 
= 
F.*21022.5t:Hp.>. ming =A. (1) 
[*#205°122.%210°122] D.AC QA (2) 


Ε.(2). Ἀ21012., *206:174.5 
- «- » 
Ε:ΗΡ, 9. ργϑορίλ = OQ n ἃ (ρα = QA) 


«- 
[Κ210122] Ξε κ (ρα Ξε 0“) (3) 
F .#37°105 .*210°124. 5 
F:i.Hp.3:BeQr.=.(qy) yer. qi B—-y- Bex. 
[*40°15.Transp | =.q!8—-ptr.Ber. 
[*210°124] =.(p'r) Q8 (4) 

— v 

F.(4). Db: Hp. d.pren. Qpr=Qenr. 

-} 
[(3)] >. p’r€ precy‘A (5) 
Ε.(8). *210°12 «#20616. 2+: Ap. >. ptr = precy’r (6) 
Ε. (4). (6). #20712. Dt: Hp.d. pira=tlyr (7) 


F.(6).(7). Ε΄ Prop 
#210231. Ε: Hp *2102.ACK.s Nex --λ. 9. 84. ΞΞ βϑαρίλ = ltgr 
[Proof as in *«210°23} 


In virtue of *210°21:23, every class which is contained in «, and whose 
product is a member of «, has either a minimum or a lower limit; and in 
virtue of *210°211-231, every class which is contained in «, and whose sum is 
a member of x, has either a maximum or an upper limit. 


#210232, +: Hp*2102.ACK.p'rcx.d.prX=liming‘A  [*210°21°23] 
*210°233, | : Hp *2102.ACK.sXexn.5.58A=limaxy‘A —[#210°211°231] 
-» -« 
*210°24. -:Hp*2102.3.«¢ne%pie= ΒΟ. καὶ ise = BQ 
[*205°12'121 . #210-201°203'122] 
*210:241. Ε: Hp *2102.p%eex.D.p%e=BQ [21024] 
#210242. Ε: Hp 42102. seen. 3. se = BQ [21024] 
#210-25. b:.Hpx2102:ACK. +, .prenid: 
~ - 
ACK. 3.» ε(ἰπροίν v precgr) 
Dem. 
- 
F.*21021. Db: Hp. D:rAC Kw. ptrer.D- pre ming‘A (1) 
—> 
F .*21023.3Dh:. Hp. d:rACu.prrerd.D.preprece'A (2) 
F.(1).(2). DF. Prop 
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*210-251. Ε: Hp*210'2:ACK.2,.8NEKID: 


- - 
λΟκ.32. δ'ίλ (maxg‘'A v seqg'r) 
[Proof as in *210°25] 


*210°252. Ε΄. Hp *2102:A CK. Dd, .piransfeeki oD: 


~ -ὸ 
ACK. Dd. pn s'e ε(ταϊποίν ν preco’r) . ρ'λ A se = liming*rA 


Dem. 
F.x40°23 161. DF ACK. Gla.Dd parc six. 
[*22°621] 2. prnse=pr (1) 
Ε. (4). #2102123. 5+: Hp.raCw.qia.d _prnstee(mingr u precg’h) (2) 
F. #402. Dhkingqia.d.parns« τὰ δ'κ (8) 
Ε.(9). #2412. 5+: Hp.d.steen. 
[4210°242] >. 8" = BQ. 
[206714] >. s'« = precofA (4) 

- - 

Ε.(39). (4). DF: Hp.w gin. >. pans ε(ταιηολ v precy‘A) (5) 


F.(2).(5). DF. Prop 
This proposition is more useful than *210°25, because its hypothesis is 

much oftener verified. In order that the hypothesis of *210°25 may be 
verified, we must have Vex, since AC«.p'A=V; hence we must also have 
s‘e=V. But the hypothesis of *210-252 only requires, as far as A is con- 
cerned, that we should have s‘« ε x. 
*210°253.  : Hp *210°252.3.(A).rA¢ T'ming v C‘precg 

[%210°252 .*205°15 . #206131] 
#210254. Ε: Hp*210:251.3.(A).r%¢ T'maxg ν C'seqg 

{Proof as in *210°253] 


*21026. /:Hpx2102.rC Ke. pirarer. s(n Cl ρίλ)εκ.2. 
s(n Cl‘p*r) = preco’d 


Dem. 
Εν 4210-22. DF: Hp. d.wq! minor. 
[#205°122] DAC (1) 
b.x602. Dt: BeenClpra.d. BCpA: 
[K40°151]) Dkr s(enCl*pr)y Cpr (2) 
Ε.(2). Dt: Hp. d.s(enClpryexnCl*pnr. (3) 
[*210°211] >. (cn Clp'r) = maxgl(« a Clép*nr) 
(*210°17] = max'(« — Q**) 
[(1)] = τηδχρί(κ —A— 0.) 
[*210°122.4202'502.(3)] ΒΕ ΤΟΝ 


[*206-1-101] = precg*X: D+. Prop 
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*210°261, | : Hp *210°2. ACK. siren. pa(ack.srACaeK.D. 
pe(aex.sXCa)=seqgo'A [Proof as in *210-26] 
#210262. Ε: Hp*210-2.A CK. stared. sie npa(acn.srCalex.D. 
s‘e n pa (aex.s'X Ca) = βεηρίλ 


Dem. 
F.*40°23:161.) 
KF: Hp.qid(aex.srCa). Dd. pa(acex.sraCayCs'e, 
[*22°621] 5.86 κιαρ'δίαεκ. 8 ΧΟ οα) τρία εκ. 8“ ( α). 
[*210-261] D.sken pa(acn.s*rx Ca) =seqg'r (1) 
b.*10°51. εν (αεκ. sACaH=A.Diaew. dg. (SAC a) (2) 
F.(2).%210°'16.D:. Hp. d(acxw.ssXCaj)=A. 3: aex.d,.aCsr: 
[#40°151] Dis'ke CsA: 
[#40-161] 9 τ:ϑ8έκ τα ϑίλ, (3) 
F.*40°2. Db: Hp(3).d.stenpa(acn.srCa)= sx. (4) 
[Hp.(3)] D.SREK. 
[*210°231] >. sA=seqg’r- 
[(3)-(4)] >. sfen pA (acne. sr Ca)=seqg'n (5) 
F.(1).(5). 3+. Prop 


The same remark applies to this proposition as to *210°252. 
#21027. Ε- Hp*2102:ACK. a. shen: 5: 
λςκ.2..5} (axa ν seqo'n) - q! (ming υ ΟΝ 


Dem. 
- - 
Εν ΚΩ10251. 9 Ὲ τ Ηρ. 9: λῸ we... ql λδΧολ vsegg'A) (1) 
=> 
Ε. #210222. )h: Hp.rxCwe. pred. 5. ἢ "πολ (2) 
F.x101. Dkr Hp.dis(enCl paren: 
- 
[*210°26] DirNCKw.prArerd.D.q! precp A (3) 


- -- 
Ε.(3).(3).. Dkr Hp.d:rCw.D-q!(ming‘Av prece’r) (4) 
F.(1).(4).36-. Prop 
#210271. Ε: Hp *210'2:ACKw. dy. pirex:o: 
τ᾽ - ‘ £ 
NC K.-T! (maxesA v seqg'r). ἢ Ὁ (ming λυ presg r) 
[Proof as in *210-27] 
#210272. | :. Hp *2102:ACK.,. paras ‘eens >: 
- 
NC Ke. TP (maxyr v seqo’) « aq! (ming' ν prec *) 
[Proof as in *210-27, using *210°262] 


#21028. ΕἸ Hp *2102.s8Cl'xCx.2. 
(r) Xe (A'maxg v (5660) n (A‘ming ν C‘precg) 
Dem. 


.#3761.5b:.Hp.d:vACKw. 2. shen: 
[421027] 2:ACK.2,.q! (maxo'd υ θη.) « ῃ! (ἀΐπολ ν precg’n) (1) 
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F. (1). #2243 .5 
- - 
F:Hp.2.(a).q! {maxg(A nx) ¥ seqg’AN K)} .- 
- 
Wi iming’(An κ)ν preco(An «)} - 
—_ 
[*210°122] 5. (A). @! {maxg(A n CQ) v seqg(A ἃ CQ)} . 
. Ὁ 
q ! {ming‘(A ὦ C*Q) v ρῥγθορ an CQ)} - 
- ~ - - 
[*205°15°151.*206:131] >. (A). qt πλᾶχρούλ ἡ seqo’A} . ἢ ! {ming*A v preco‘A} . 
[43341] 3.(A). Xe T'maxg v Cseqg. Xe T'ming v C‘precg: 9 Ε. Prop 
*210°281. Ε: Hp*210-2. ρΟ]κς κ. 3. 
(A). ἑ(αἴρᾶχο ν {[{8660) mn ((Ἴτητῃς v A ‘precg) 
*210°282. :. Hpx2102:ACK.3,.pansieexid. 
(A). A € (A*maxg v Cseqg) a (A‘ming v T‘precg) 
Thus when either of the hypotheses of *210°281-282 is fulfilled, the series 
Q is Dedekindian both upwards and downwards. 
421029. Ε: Hp *210°251.3.(a).AcCMlimaxpn C‘liminp [#210°28.#*207-44] 


*210°291. + : Hp *210-252.5.(A). Xe Climaxp a C‘liminp 
[4210°282 . *207°44] 


*211, ON SECTIONS AND SEGMENTS 


Summary of *211. 


The theory of the modes of separation of a series into two classes, one of 
which wholly precedes the other, and which together make up the whole 
series, is of fundamental importance. When one out of a pair of such classes 
is given, the other is the rest of the series; we may therefore, for most 
purposes, confine our attention to that one of the two classes which comes 
first in the serial order. Any class which can be the first of such a pair we 
shall call a section of our series. If P is the series, we shall denote the class 
of its sections by “sect*P.” If a is a section of P, we shall call (ἿΡ — α 
(which is the second class of our pair) the complement of a. The class of 
complements of sections is 

(C*P —)“sect*P, 
which is identical with sect‘P (*211°75). 


In order that a class may be a section of P, it is necessary and sufficient 
that it should be contained in C‘P and should contain all its own pre- 
decessors; thus we put 

sect‘P=@(aC OP. PaCa) Df 
We have also, by *90°23, 
sect*P τεῦ (a = PyS‘a) (#211°13). 

Among sections, a specially important class consists of classes which are 
composed of all the predecessors of some class, 1.6, classes of the form P*‘8, 
3.6. Classes which are members of D‘P.. Whenever P is transitive, 
P“P“BC P88; hence PB is a section according to the above definition. 
When FP is a series, the complement of P“8 (when § exists and is con- 
tained in C‘P) is 

- «- 
maxp'S v p PB, 

The members of D‘P. are called segments of the series generated by ἢ. 
In a series in which every sub-class has a maximum or a sequent, 


DP, = PHcep (#211-38), 2.6. the predecessors of a class are always the pre- 
decessors of a single term, namely the maximum of the class if it exists, 
or the sequent if no maximum exists. But if there are classes which have 
neither a maximum nor a sequent, the predecessors of such classes are not 
coextensive with the predecessors of any single term. Thus in general the 
series of segments will be larger than the original series. For example, if 
our original series is of the type of the series of rationals in order of 
magnitude, the series of segments is of the type of the series of real numbers, 
1.6. the type of the continuum. 
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Among segments, a specially important class consists of those which 
have no maximum, In this case, if a is such a segment, we have aC Pa; 
and since (provided P is transitive) we also have, for all segments, P‘‘a Ca, 
the segments having no maximum are those for which a= P*‘a, we. they are 
the class (δὲ AJ). In compact series, all segments belong to this latter 
class, but in general only those segments belong to it which correspond to a 
“Haufungsstelle.” In all cases in which the existence of a limit is not 
known, the segment fulfils the functions of a limit; that is to say, in those 
places in the series where a limit might be expected, we have a segment 
having no limit or maximum, which takes the same place in the series 
of segments as would be taken by the limit in the original series if the limit 
existed. Segments having no limit or maximum are limiting points in the 
series of segments, and every class of segments which has no maximum in 
the series of segments has a limit in that series. 


We have thus three classes to deal with, namely 
(1) sect‘ P, 
(2) D*P., 
(8) D(P. AD. 
Of these the second is contained in the first when P is transitive 
(#21115), and the third is contained in the first and second (*211:14). The 
second consists of those members of the first which have either a sequent 
or no maximum (*211°32); the third consists of those members of the first 
which have no maximum (#211°41). If every member of the third class has 
a limit, 1.6. if 
DP. AI) C A ‘seqp, 
then every class has either a sequent or a maximum, 1.6. the series is Dede- 
kindian; and the converse also holds (*211°47). 


When is connected, of any two sections one must be contained in the 
other (*211°6). Moreover, if Ἃ is contained in any one of the three classes 
sect‘P, D‘P,, D(P. AD), then s‘X is a member of that class (*211°63-64-65). 
Hence the propositions of *210 become available. It is thus that the 
existence of limits in series of segments or sections is proved: the maximum 
or upper limit of any class Δ, consisting of segments or sections is 8‘, and the 
minimum or lower limit is the sum of the segments that are contained in 
every δ, 


We begin, in this number, with elementary properties of sect‘P. The 
sections of P are the segments of Py (#211:18) and the sections of Ῥω 
(#21117). We have 
*211:26. +.C*Pesect*P. s‘sect*P = ΟΡ 


We then proceed to the elementary properties of segments, i.e. of D“P. 
(#211-°3—38). We have 
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#2113. ΚΕ Pap CD‘P. 

*211:301. +. D‘Pe DP, 

*211°302. Ε: PeSer.3 Pagep = sect'P n U‘seqp 

#211351. b: Pe Ser. >. sect'P —D‘Pe = Py(O*P — D‘P,) 


We then proceed to elementary properties of segments having no maximum 
1.6. of DP. A I) (1211.4--- 47). We have 


*211-42. +: Petrans.>. D‘(PeAI) = DéPe — U‘maxp 
#21144. F.AeD(P.AT).Ae D‘Pe. Ae sect’P 


> 


--» 
4211-451. Ε: Pere D(PeAT). Dd. ave {P+ Ρὴ 


Our next set of propositions (*211:'5—'553) is concerned with compact 
series, 1.6. with the hypothesis P?= P. We have 


e21151. F:P?=P.9.D‘Pe =D(P. ἃ ἢ 
*211:551. b:. PeSer.>: U‘maxpn U‘seqp=A.=.P=P? 


Ie. a series is compact when, and only when, no class has both a maximum 
and a sequent. 


We come next to the application of the propositions of *210 (*211°56— 
692). These propositions proceed from 


*211'56. [:. Peconnex.a,Sesect*P.D:aCB.v.8C Pa 


(Here “P,, ¢ connex” may be substituted in the hypothesis: cf. *211°561.) 
The propositions of this set, which are very important, have been already 
mentioned. 


Our next set of propositions (*#211'7—762) are concerned with the 
complements of sections and segments. Some of these propositions have 
been already mentioned; others of importance are: 


*211°7. Fsaesect*P.D.C’P-—ae sect*P 


. 
*211-703. +: Peconnex.aesect‘P—UOP.D. ql ps Pa 
*211'726. Ε: Peconnexna RIi‘J.aesect‘P. 2. 
- - - -- 
max p‘a = precp{(C*P -- a). seqp‘a = τη» "(Ο" Ἐ — a) 
*211°727. Γ:. Peconnex a RI“. ae sect*P.3: 
E! limaxp‘a. =. Ef liminp“(C*P — a) 


*211'728. Ε :. P econnex n ΕἸ]. aesect‘P:~E! maxp‘a.v. 


. > >, 
~ ἘΦ ταὶ (ΟἹ — a): 5D. limaxp‘a = liminp‘(C*P — a) 
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The remaining propositions are mainly occupied with relation-arithmetic. 
The most important of them is 
#21132. F::PeSer.QeD°Pf.3:. 
CQesect*‘P .=:(qGR).P=QAhR.v.(qr).P=Qpa: 
(qh).P=Q4R.v.P=QHBP 
That is, given any series contained in P, if something can be added to 
make it into P, its field 1s a section of P, and vice versa. 


"2111. sect‘P=a@(aCCP.P“aCa) Df 
#2111. F:aesect*P.=.aCCP.PaCa [(*21101)] 
#21111, F:aeD*‘P,.=.(qP).a=P"“B [*37°101] 
#21112, FraeD(PeAD.=.a=P“a 
Dem. 
Εν *37°101 .*501. > Ε :aeD(PeAD).=.(q8).a=P“B.a=8. 
[*13°195] «ἀξ βόα: D+. Prop 
#21113. Fraesect*‘P.=.a=P,y“a.=.aeD{(PyeAl}. =. ae D (Pye 
Dem. 


F. #2111. *9023. Db:aesect*P.=.a=Py““a (1) 
+. 9017. DE. Py Py B= Py KB . 

[*13-12] Dhia=Py8.D.Pya=ai 

[Ἀ211.11] DF:aeD( Py). D-a= Py“a (2) 
Εν #1024, 2111. 3b :a=Py“a.d.a6¢D( Py) (3) 


Ε. (1). (2). (8). Κ21112.2 Ε΄ Prop 
In virtue of the above proposition, the properties of sect*P can be deduced 
from those of D‘P-. or D( Pe AI) by substituting Py for P. 
¥*211'131. F: aesect‘P. 3. P“a=P,,“a 


Dem. 
F.*211138.3F:Hp.d.P“a= P“Py “a 


[*91:52] = P,,“‘a: +. Prop 
#211132. F: aesect*P.3.D(P[ a)=D(P,,[ a). (Po a) =A(P,,[ a). 
CCPL a=C(P,[ αἡ 


Dem. 
Εν «37°41 . #211181. 3)+:Hp.>.D(P,,[a=an Pia 
[κ91.41] = ΠΡ a) (1) 
F.*91°502. DF.d(PT aC a(P,f a) (2) 
F.x87 ‘41. DhiuyeA(P,ba)ssryean Ppa: 
[49157] =: ye(an P“a)u(an P*P,,a) (3) 
Εν 2111. DF: Hp. yean P“P,,. “a, D.(qz).2Py.zea. 


[*37-105] >. ye Pa (4) 


SECTION B] 


*211°'133. 
Dem. 


*211:14, 
Dem. 


*211'15. 
Dem. 


*211°16. 
Dem. 


*211°17. 


Dem. 


F.#*211:13.DF:aesect*‘Pal. 
[%52°1.%53°301] 
[*91°54.%90°12] 


Ε 


ON SECTIONS AND SEGMENTS 


. (8). (4). Dk: Hp.d.A(Pyol a) Can Pa. 


[37-41] 5. ΠΡ a) CAPE ὦ 


Ε 


.(2). (δ). D+: Hp.d.a(P,,[ a)=A(Pf a) 


F.(1).(6). DF. Prop 

F: P,, econnex.aesect*P -1.3.C(P[ a)=a 
F. *20255.3t:Hp.2.C(P,[ asa. 
[*211132] 9. Ο(ΡΓ a)=a: OF. Prop 
Εν. (δὲ ἃ ἢ CDP... D( Pe AD) Csect*P 

Ε. «33-263. D+. D(PeALCD‘P. 
Ε.Ἀ91119. #2942. Db:aeD(PeAl).>d.P\aCa 
F.*211°12.48715.Db:aeD(PeAD.3.aCOP 
F.(2). (3). #2111. Db:aeD(PeAT).3. aesect’P 
Εν (1). (4). Db. Prop 

F: Petrans. >. D‘PeCsect*P 


Tr TT 


Ε 
Ε. 
Ε 
Ε 


. Ἀ211.11. Κ871δ. ΞΕ: ΕΡε.2.  ἀΓ ΟΡ 
.*211°11.%*201'5.5D: Petrans.aeD‘P.. 3. Ρέᾳζ α 
.(1).(2). 35. Prop 

» Pro‘a esect!P 


»*91°504.%3715.96. P,“a COP 
*91°51°511. It. P“P, “aC PaoXfa 
.(1)ὴ. (2). «2111.34. Prop 


. sect‘ P = sect‘ P,, = sect“ Py 


[*211'13 . *90'4. *91°602] 


The following propositions are useful in dealing with sectional relations, 
1.6. relations of the form Pf a, where aesect‘P. Unit sections often need 
special treatment, owing to the fact that for them we do not have C’PD a=a. 


_ 
#21118. +:P,,€J.2.sect*Pal=t“ BYP 


a= Py“a.ael. 


I 


- 
. (14). ἀτε ίς. Pya= ea, 


=.(qr).a=te.P, fe ς 40 
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(5) 
(6) 


(1) 
(2) 
(8) 
(4) 


(1) 
(2) 


ᾳ) 
(2) 


Q) 


—> 
F.(1).Db:.Hp.D:aesect‘Pal.=.(qz).a=t@.P,w@=A.ceCP. 


[91.604] 
[κ98:108] 


Hil 


-- 
~ael“BIP:. D5. Prop 


. (1) «ατο το UIP ΦΈΡ, 
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- 
*211:181. Ε: Ροε 56. 118}. 3. βεο Ρ ΑἹ τ ιῖ BSP 
Dem. 
-- 
Ε. κ20215.628. 5Ε:ΗΡ.9. ΒΡ εῚὶ (1) 
F. (1). #211718. *53°3. 26. Prop 


- 
#211182. Ε: P,,eSer.B'P=A.D.sect“Pal=A [*21118] 


- 
Ἀ211.2. F:aesect*P.D.a=anC’P=avu P\ax(anlP)uP“a=P aq υτηαχρία 


Dem. 
Ε. #2111. #22°62162.>DF:Hp.d.a=anCP.a=au Pa, (1) 


[*13-12] D.a=(an ΟΡ.) Pa (2) 
- 

[*205°131] = Pqu maxp‘a (3) 

Ε. (1). (5). (8). DF. Prop 


-} 
#21121. F:.aesect*P.D:~qimaxp'a.=.aeD(P,ALD) 


Dem. 
—> 
F. 211212, Dt:aesect*P.~y!maxp‘a.d.aeD( PAL) (1) 
--» 
ΕΌΚ21112.. κ206111. ΞΕ τας 0 δὲ ἃ ἢ. 9 «ὐῇ ᾿πμᾶχρία (2) 
Ε.(1). (2). 3 ΕΟ Prop 
—> 

*211:22. +: Peconnex.aesect‘P.>.av seqp*a esect*P 

Dem. 

- - 
Ε.24.234., Κ1]1812, ὩΕ:Ηρ. βοαᾳρίατε Δ. αν βοαρία εβοοῦ (1) 
~ - -- 
Ε.Ἀ20616. κὅ8.8.81. 2 Ὲ: Ηρ. ἢ !seqp’a. >. βία ν seqp'a) = “αν P*seq pa 
[Ἐ206:218] C Pau(an CfP) uv Pa 
[*211:2] Ca (2) 
--» 

F.#211:1.%20618, 5Ε:ΗΡ.2. αὐ βοαρας ΟΡ (3) 


F.(1). (2). (8). #2111. 3+. Prop 


- - 
*211-23. |: Peconnex.aesect*P. Elseqp'a.d.a=P“(avuseqp'a)= P'seq p*a 


Dem. 

—_ 

Εν *206°211 .*211:2.3+:Hp.d.aC P*seqp‘a (1) 

“y 

F .*206-213 .*211-2.5+:Hp.2. Pfseqp'aC a (2) 
—> 

F.(1).(2), It: Hp.d.a=P*seqp a (3) 

= - 

F. Ἀ58.39.1. ὩΕΊΗΡ.2. P'(a νυ βραρ»α)Ξ Pa υ Pseqp'a 

[(3)] =Pqua 

[*211-2] =a (4) 


Ε. (9). (4). 3+. Prop 
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*211:24. +: Peconnex.aesect*P nm (866 v —U‘maxp). 2. ae D*P, 
Dem. 


F .*211:23-11.>+: Peconnex. aesect‘P ἃ U‘seqp. ).aeD*P, (1) 
F.*211:21:14. DF: aesect*“P —U‘maxp.).aeD‘P, (2) 
F.(1).(2). DF. Prop 
*211:26. +.C*Pesect*P. s‘sect*“P =C*P 
Dem. 
b.*22°49.%38715. ΕΟ ΡΟ ΟΡ. PO'PCCP., 
[Κ2111] 5.0. esect*P (1) 
Εν, (1). κ4018. 5ἘΕ.0.Ρ.ς 4360} (2) 
Ε΄ #40151 .*211:1. D4. s‘sect*P CCO“P (3) 
F,(2). (8). DF. sfsect*P ΞΟ (4) 
t.(1).(4). D4. Prop 
*211:27. +: Petrans.2.(anC‘P)v P“aesect*P 
Dem. 
Ε.Ἀ 29. 48, κ871δὅ. Db. (αὰ α ΟΡ) PWaCOP (1) 
b . «3722-265 . Db. P“f(an COP) v Pal = Pau POP Mo (2) 
Ε. (2). 2015. DbF:Hp.d. Pian C*P) v Pa} = P“a (3) 


Ε. (1). (8). #2111. . Prop 


= - - - 
*211:271. Ε΄ εὔγτϑῃβ. 2. (β}}. 8 esect*P.maxp‘a=maxp*@.seqp'a=seqp'B 
Dem. 
+ .*20515:19.9 


- - 
+: Hp. 9. πιδχρίαξε maxp‘{(an C“P) vu Ρ΄(α] (1) 
Εν, *206°131°:25 .5 
- - 
t:Hp.>.seqp‘a=seqgp*{(an 6“). Pa} (2) 


Ε. (1). (2). %211°27. 94. Prop 
*211:272. -:. Petrans.D: 


(a). ae U‘maxp v C‘seqp. =. sect*P C d‘maxp uv U‘seqp 
Dem. 


Γ. «241114. 9 : (α). ae O'maxp v CU ‘seqp. D.sect*PCU'maxpy CM ‘segp (1) 
F.x83'41. Db: sect*P C A‘*maxpv U‘seqp. 9: 
- - 
Besect*P .Dg.q!(maxp8 v 566ν»β}: 
> > > 
[#1312]: @ esect*P . maxp‘a = maxp‘@ . seqp'a = seqp’B » Dap 
~ 
Ἢ ! (maxp‘a ν seqp‘a): 
-- - 4 > 
[*10:23]D : (ηᾳμ}. B esect*P . maxp‘a = max p“8 . seqp‘a = 8668. Da« 
—_ 


-} 

rm i (maxp‘a v seqp’a) (2) 
Εν (2), Κ211271. 9 

- = 
F:. Hp.2:sect*P C U*maxp v A‘seqp. 9. (a). ἃ (maxp‘a v seqp‘a). 
[*33°41 ] 9. (a). ae U*maxp v C‘seqp (3) 
+.(1).(8).35F. Prop 

R&W IL 39 
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*211:28, +:.PeSer.aCC’P.arvel.(C§$P—a)rel.o: 

aesect'Pi=.P=PPaf Pl (ΟΡ .-- αὶ 

Dem. 
Ε. Ἀ2044.5, 9ΕΙΗρ. αεβοο0}.95. ΡῬε ΡΥ ἁἘΈΡΙΕ(ΟΡ.--ἃὁἡ (1) 
F.*160'1 .*202'55.>+:.Hp.P=PDL ΑΈΡΙΕ(ΟΡ --αὐ.3: 
wea. yeC*P—a.d.aPy: 

[Transp.*2043] Diavea.yPx.d.yea: 
[*211:1] >: aesect*P (2) 
F,(1).(2). 35. Prop 


#211281. ΕἸ PeSer.CQnCR=A.P=QKR.9.CQesect’P 
Dem. 
F.*x1601.>b:.Hp.DdDiaeCQ.yeOR.D.4Py: 
[Transp.*204°3] D:ceCQ.yPa.d.yeCQ: 
[2111] 9: CQesect*P:, D+. Prop 
#*211:282. b:. PeSer.QeDSPE.C6P-—CQ~rel1.)9: 
CQesectP.=. (GR). CQnCR=A.P=QER 
[*211°28:281 . κ200:12] 
*211°283, Ε: PEJ.P=QER.D.CQOnCR=A 
Dem. 
F.*x1601.3D+:Hp.d.CQTCRC. 
[*200°32] >. C°QnCR=A: IF. Prop 
The following propositions are concerned with D‘P,. This is to be 


compared with two other classes, namely sect‘P and Bap, The members 
of sect*P which do not belong to D‘P, are those which have a maximum but 
no sequent, 1.6. (if P is a series), those classes which consist of a term « 
together with all its predecessors, where « has no immediate successor. In 
series in which every term except the last has an immediate successor, C“P 
will be the only member of sect‘P — D‘P,, if the series has a last term; if 
the series has no last term, sect‘P = D‘ Pe. 


The members of D‘P. which are not members of Pep are those that 
have no sequent, 1.6. those that have no upper limit (for a member of D‘P, 
which has no sequent has also no maximum). These are the members of 
D‘P, corresponding to a “gap,” 1.6. to a Dedekind section in which neither 
the earlier terms have a maximum nor the later terms a minimum. Hence 
in a Dedekindian series, D‘P, = POP; and conversely, if D‘Pe= PHO*P, 
the series is Dedekindian. These properties of D‘P. are proved in the 
following propositions. 


-} 
#2113. +. P“O\PCD*P. [κὅ8301. Χ91111] 
#211301. +.D‘PeD°P. [487-25 . 211-11] 
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*211°302. 


Dem. 


*211:31. 


*211°311. 


*211:312. 
Dem. 


- 
F: PeSer.>. P“C'P =sect*P n 1366 


- 
Ε. 2064. Dbk:Hp.d. P“C'PC (366» (1) 
-- 
Ε.Ἀ211815, ΞΕ: ΗΡ. 2. POP ς 8600" (2) 
-} 
b. #21123. Db: Hp.d.sect*’P 86» C P“C*P (3) 


F.(1).(2).(3). 3+. Prop 
F:. Pe trans a connex.aeD‘P.. 3: E! seqp'a.v.vE! maxpa 
[%206°52 . *211-11] 


--ψ} 
Ρ:Ρ εὔγϑῃβ n connex.ae D‘P.. E! 8θ6ρία. 3. a= P*seqp‘a 
[*206°31 . *211:11] 


—_ 
F: Pe trans mn connex .ae DSP... D. a= P“(a u seqp‘a) 


- 
F .#211°15:23.5+:Hp.E!seqp'a..a= Ρί(α v seqp‘a) (1) 
F.#211:31. Dk: Hp..E!seqp'a.d..E! maxp‘a. 
[*211-21-15-12] Dea=Pta, 
[*24°24.Hp] D.a=P“(auseqgp'a) (2) 
F.(1).(2). 34. Prop 


#211313. F:aesect*‘P a D‘P..3.(q8). Besect*P .a= PKB 


Dem. 


Γ. Ἀ2111.11.2:. Ηρ. 9 : PaCa:(q8).a=P“B: 


[%37°265] 
[%22-62] 
[*22-58] 
[487715] 
{[*211-1] 
*211:314. 
Dem. 


: Pa Cas (q8)- BOOP. a= Pp: 
:(q8).8CC'P.a=P*(avu β): 

-(q8).8CCP.P (au 8)Cave.a=P"(avp): 
:(qB) avBCOP, P(avgB)Cav8.a=P“(avg): 
1(q@8).av Besect*P.a=P “(au β):.2 Ε. Prop 


Fk: Pe RI“J a connex .aesect“P qn D‘P,. E! maxp‘a. 9. HE! seqp‘a 


vvuUYU 


F.*211:318 . 2057.5 
bt: Hp.>.(q@). Besect*P.a= P“B.E! maxp'8 (1) 
Εν «3718.9 

- 
ΕἸ Gesect‘P.a= ΡΕβ. ἘΠῚ maxp'8.2.P‘maxp'B Ca (2) 
F. #2111. *205-111.9 
+: Hp(2).Peconnex.ye P“8.9. ye B—tmaxp's. 
[*205-21] >.yP maxp‘B (3) 
F.(2).(8). D+: Hp(2). Peconnex.3.a= P*maxp‘f. 
[*206-4] >. maxp‘8 seqp a (4) 


F.(1). (4). DF. Prop 
39—2 
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The above proposition and the two following propositions enable us 
in certain cases to prove propositions concerning the relations of sect‘P 
and D‘P. without assuming that P is transitive. An example of the use 
of these propositions occurs in *211'754, where the hypothesis assumes 
PeRi‘Jnconnex. If we used *211°31 and its consequences instead of 
*211:314 and its consequences, the hypothesis of *211°754 would have to 
assume P ε Ser. 


#211:315. +:. Pe Ri‘ ὦ connex.aesect‘P. 2: 


ae D‘P..=.a¢ U‘seqp v — U‘maxp 
Dem. 
F. #211314... Hp. 9 :aeD*Pe. Dd. ae T’seqgp v — T‘maxp (1) 


F.(1).*211'24. 5+. Prop 

*211:316. +: Pe Ri‘ n connex. >. sect‘P — ΠῚ, = sect’P n U‘maxp— CT ‘seqp 
[*211:315 . Transp] 

#211317. +: Petrans.>.D*P.= Pe“sect'P 


Dem. 
b. #211:15'318. 5+: Hp.d. DSP. C Pe“‘sect*P (1) 


F.(1).*37'15 . DF. Prop 

*211'32. +: Petrans nm connex.2.DPe=sect*P nm (A ‘seqp ν — U‘maxp) 
([¥211-24-15'31] 

*211:321. | : Pe trans n connex . D.sect*P ~ D‘P.=sect‘P n d‘maxp—(C‘seqp 
[*211°32] 

*211:33. b:.PeSer.aesect*P.3: 


—_ 
ave D6P..D. El seqp’Pa.~ El seqp‘seqp’P “a 


Dem. 
F.*211'321,. Db: Hp.aveD‘P..>.E! maxp‘a. (1) 
[*Z06°35] 9. Elseqp'P*‘a.seqp’P“a=maxp‘a (2) 
- > = 
F (1). #206'46.9+: Hp. ave D‘P.. >. seqp‘a = seq p*maxp‘a 
> Ὁ 
[(2)] = seqp’seqp‘P‘a (3) 
b.*211321. DOF: Hp.aveD‘P..D.~E! seqp'a. 
- 
[(8}} 2 .~ Εἰ 1 5866» 566». “ἃ (4) 


Ε,(ῦ). (4). It:Hp.ave D‘P..3. 
-} 
El seqp‘P“a «ὦ E! seqp‘seqp‘P“'a: D+. Prop 
#21134. +:.PeSer.D:aesect*‘P—D‘P..=. 


~ 
a= Pau tseqp'Pfa.~E! seqp’seqp’P “a 


Dem. 
+, *211°321.DF: Hp.aesect‘P—D‘P..3.E! maxp‘a. 
[*206°35] >. maxp‘a = seqp’P“a. (1) 


{*211-2] 2 .a= Pau useqp’Pa (2) 


SECTION B| ON SECTIONS AND SEGMENTS 613 


b .*211:321.3+: Hp. aesect*P — D‘P, .D.~ HI seqp‘a. 


-} 
[*206°46.(1)] > .~E! seqp‘seqp’ Pa (3) 
Εν *206°21.*205-111.3+: Hp.a= Pia tfseqp’P“a.d. 
seqp’P“a = maxp‘a (4) 


Ε. (4). *206-46.53+: Hp. a= Pav ifseqp’Pa.~ HK! seqp‘seqp'P“a a 
~E!seqp‘a (δ) 

[ .*206'18 . #2258. Db ia= Pav iseqp’Pia.d.aCCP, Pala (6) 

F.(4). (δ). (6). #211321.) 

ΕἸ Hp.a= Pav ifseqp’P“a.~E! seqp'seqyPa »2.aesect*‘P—-D‘P. (7) 

F.(2).(3).(7). DE. Prop 


*211°35. +:.PeSer.D:aesect"P—D‘P..=. 
(qz).aeCP, a=P%x υ τ «ΚΟ Pin 
Dem. 
F.#21134.3F:.Hp.3: 
aesect*P ~ D6P..=. (qu). a2=seqr’P“a.a=P“avi's.~E! seqp't'e 
[*206°21.*205°111] =. (qa). a=seqp’P a. = maxp'a. 
a=P*qut'es nH! seqp't'r. 


[*206°35] =.(qz).c=maxp'a.a= Pavia. «ὦ ἘΠ᾿ seqp ta. 
[*205°22] ΞΞ « (2). ἃ = maxp'a.a = Py v Ue wv ἘΠῚ seqp't a. 
[*%205°197] =.(qz).veO'P.a= Px v ifaw ἘΠῚ seqpt‘x. 
[*206°44) =. (4). neC'P a= P'n vile .wK! Pix :. I+. Prop 


- 
*211°351. Ε: PeSer.3.sect“P -- DSP. = "Ὁ. (ΟΡ — DP) 
Dem. 
+. *204°7 .*211:35.> 


-} 
b:.Hp.D:aesect*‘P—D‘P..=. (4). 6 ΟἿ} -- Ὁ Ρ. «ἀπ: Ρων τα. 


-- 
[Κ201.521] =.(quz). Φὲ ΟΡ --- Ὁ. ἀπ Pykn. 
-. 
[1811] =.ae Ρ(ΟἹΡ -- D*P,):. DF. Prop 


*211:36. b:.PeSer. D*P,=D‘°P.3:aesect"‘P—D‘'P,.=.a=O'P. EI BSP 
Dem. 
~~ πὴο 
b.*211351. OF: Hp.d.sect*P—D‘P.=Py“BP (1) 
+. (1). *202°52,.3+:,Hp.3: 
w — 
aesect*“P —D*P..=.(qz).a= BP .a= Pye. 
.(qv).2=BP.a=CP. 
ἀπ ΟΡ. HI BSP:3+. Prop 


[*204°11.#201°521] 
[14-204] 
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#211361. f: PeSer. D‘P,=C*P.5D.sect‘P = D‘P, 


Dem. 
+. *201°63. It: Hp.d.DIP, CDP. 
> 
[*93'103] »>.BP=A (1) 
F.(1).*211°36.5F: Hp.3.sect‘P—-D‘Pe=A (2) 
Εν(2). Ἀ21118.2 Εἰ Prop 
*211°371. Ε :, Pe trans n connex : (a). ae d‘maxp v ([566Ρ : 9. DSP. C U‘seqp 
[421132] 


-} 
#211°372. | :. Pe trans ὦ connex : (a). ae U‘maxp v ([3366}»:9. DSP. = ΡΠΟῚΡ 


Dem. 
+. #211°371.D:. Hp. dDi:aeD*Pe. 3. ἘΠ᾿ seqp'a. 
> 


[*206'3.*211°1°15] 2 .a= P%seqp‘a . 

-» 
[κ906:18] Diae PHP (1) 
F.(1).*211'°3. 96. Prop 


- 
*211:38, ΕἼ: εν, 2 5 (α)}.αἄἥε1}ςπλὰχρ v ([866».Ξ. DSP. = P“O'P 
Dem. 
- - 
b.#21L11. 3b. ΠΕΡ, τ POOP. =:(8) 2 (qe). P“B= Pie.meCP (1) 
F.*206:174.%*205°111.) 


- - - 
tk: PeSer.vq! maxp'8 .2.seqp'B=C*P α &(P“B = Px) (2) 
> - 
b.(1).(2). Db PeSer. D'Pe= P“OP. ding! maxp' B.D. q! 566;β : 
[198.41] 2: fe U'maxp v ([866» (3) 


F.(3).*211°372. +. Prop 
The following propositions are concerned with D‘“(P. AJ), t.e. with those 
sections of P which have no maximum. If P is compact (1.6. if P?=P), 
—_ 
D«(P.AD=D‘P.. If P is also a Dedekindian series, (δὲ A I) = P“«C*P. 
This is the mark of Dedekindian continuity, since it states that, if P‘a has 


> 
no maximum, there is an # for which Pa =P‘z, and this # is the upper 


--» 
limit of Pa; while conversely, if # is any term of O*P, P‘x has no 
maximum, so that the series is compact. 
#2114 Εν D‘YP.AT)C—CU‘maxp 


Dem. 
F.#21112,.Db:aeD( Pe ALD). D.a—-Pa=a, 
-» 
[*205°111] >. maxp'a=A:D+. Prop 
*211-41. -.D“(P.A1)=sect“P — Ud ‘maxp 
Dem. 


Εν 2111. *205:111.3 
Ετ ας Β0006} -- U‘maxp. 
[*2Z2°41} 
[¥37°15.%211°12] 


aCOP., P“aCa.at Pa. 
aC OP a= Pa. 
.aeD(PeATL): D+. Prop 


Il i tl 
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*211-411. F: Petrans.a=P“B.aC Pa.d.a= Pa 


Dem. 
+. «80°37. Dt: Hp.d. Pia= PHP KB 
(*201°5] ςΡβ 
[Hp] Ca (1) 


b.(1).4*22'41.5b:Hp.d.a=Pa: Db. Prop 


Κ211.42. +: Petrans.3.D (Pe AI) =D‘P.~U‘maxp 

Dem. 
b.*211:14°4, a+. D(P.eAL) CD*P, — U'maxp (1) 
F #2114111] .*#205°111.5+: Hp.ae DSP, ~ CA'maxp.d.aeD( Pe AL) (2) 
Ε. (1). (2). 54. Prop 


Κ211.48, +: Petransn connex.).D‘P,— CU ‘seqp C Ὁ 4 ἢ 
Dem. 
F.*211°312.>-:. Ηρ. >: aeD'Pe. seqp'a=A. D.a=P “a, 
[*211:12] 2.a¢D(P.Al):.5+. Prop 


*211°431. F: Pe transmconnex.). 

ΠΡ, — Θὲ AD) = sect‘ P n A‘'maxp n U‘seqp 

[*211'32°41] 

*211-44. .AceD( PAL). Ae D*Pe. Ae sect’P 
[*37°29 . ¥211°12°14] 


—>p 
«21145. +: Petrans.a~eC(P+P).3.PaeD(PeAD) 
Dem. 


> Ὁ» 

+ .*201'501. D+: Hp.d. P“Pe C Px (1) 
> - 

Εν 3841. κ89.8.84. 9 :ΗΡ.2. Pie~P"Pa=Aa (2) 
-- — 

t.(1).(2). D+: Hp.d. P= P« Px (3) 


Εν (3h. *211:12. 3+. Prop 


4211-451. ΕἸ: Ρές ε D(Pe ἃ 1). ave (PP?) 


Dem, 
- ~ 
Ε.Κ21112.9}ῈἘ τ Hp. Dd: Pae=P Pa: 
[*37°3] I:yPe.=,.yP%: 
[*10°51] 9 τίν). yPa.n(yPax):. D+. Prop 


—> 
#211452. k:. Petrans.3:P'eeD( PAL). =. ave ΠΡ P*) 
[42145-4511] 
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*211'46. Εἰ Pe trans ἡ connex :(a).a@¢(U‘maxp v C‘seqp: 3. 
—> 
D(P.AT) = PCP ~A(P +P} 


Dem. 

b. 4211-452. 2b: Hp. 9. P*(OP— (P+ P)} CD(P.A ἢ (1) 
F.#211:372:14.) 

> => 
k:.Hp.DraeD( Pe ἃ 1). 3. (qr). ce CP .a= Pa. PaeD( PAD. 

—_> 
[*211°452] >.(qa).ceOPia=Pr.a~reA(P+P’). 

—_> 

["37°7] D.ae PCP —~A( P+ P*)} (2) 


bk. (1).(2). DF. Prop 
#21147, ΕἼ Petrans.3:(a).a¢C‘maxpv C'seqp. =. D( Pe AL) C 6,366» 
Dem. 


Εν *211°272 .*24°43 2D 
Fi. Hp.3:(a).a¢CU‘maxp v CU ‘seqp. =. sect*P — U‘maxp C U'seqp. 
[Κ211.41] Ξ  ΄ὉΡε ἃ ἢ) ( 6[866ρ 1.9 Ε. Prop 


The following propositions are concerned with certain consequences of the 
hypothesis P?= P. This hypothesis is important because it is the defining 
characteristic of compact series. 

#2115. F:P?=P.a=P"8.3.a=P a 
Dem. 
b.«37°33.3+:Hp.>.PMB= PEP. 
[Hp.*13°12] 9. ἀπ- Ρ τ db. Prop 
Ἀ21161, Ε: P= P.>.D6Pe=D(PeAL)  [*2115°11°12] 

Thus in compact series there is no distinction between the two sorts 

of segments. 


#21152. +:.P?=P.Peconnex.3:E! maxp'a.d.E! seqp*a 

Dem. 
F.*2065.5D+:P*C P.Peconnex. EH! maxp‘a. Eiseqp'a.>.q1(P+P?) (1) 
F.(1). Transp. +: =P. Peconnex. E! maxp'a.}.E!seqp‘a: 

a. Prop 
#21153. bi: P?=P. Peconunex.>:. EB! maxp'a.v.E!seqpai=: 
Ht maxp'a.=.~E! seqp*a 

Dem. 
b.x464.95b:, BE! maxp'a.v. Elseqp'a: =i:~E !seqp’a.).E!maxp*a (1) 
F .#4°73 .*211:52.5 
bs: Hp.3:.~Eiseqp'a. 2.. EH! maxp'a:=:E!maxp'a.=.~E!seqp'a (2) 
F.(1).(2). +. Prop 

The condition (a): E! maxp'a.=.~E!seqp‘a is the Dedekindian defini- 
tion of continuity. In virtue of the above proposition, this is equivalent, in 
a series, 00 compactness combined with Dedekind’s axiom, namely 

(a): HE! maxp‘a.v. E!seqp‘a. 


SECTION BI ON SECTIONS AND SEGMENTS 617 


- - 
Κ211.684, bi. PGJ:q!imaxpa.d,.~q lseqp'a:d.P CP 
Dem. 
-- 
ΕνΒΙΟῚ.. 5Ὲ τ. Hp. Dig! maxpt'o. J.~q Iseqpe'as 
[*205°18] DiveOP.D.~q!seqpta. 
ee 

[*206°42] D.~qG!P+P*a. 
[κ88.4] 5. 2veD( P+ Ρὴ (1) 
b . 4332638. Db raveOP.3.a~e D(P+P) (2) 
.(1).(2). DF: Hp. >. D(P+P)=A. 
[*33°241.*25°3] >.PGP?:3+. Prop 


- - 
Κ211.641. Ε:. Pe RJ a trans: q !maxp'a.3..~q !seqp'a: 2. P= ἢ; 


Dem. 
Εν. #2011. Dt: Hp.d.P7¢P (1) 
F.*21154.>+:Hp.>.PCP? (2) 
F.(1).(2). DF. Prop 


-- 
*211°565. Fi: PeSer.3:.q! max pa -2.-~qiseqgpars.P=P 
[%211°52'541] 
#211551. Ε-. PeSer. 9 : U‘maxpn C'seqp=A.=.P=P? 
[*211:55 . *33°41] 
*211:552. F:: PeSer.3:. El maxp'a.=,.~E!seqpa:=: 
P=P*:(a): BE! maxp‘a.v. Εἰ} seqp‘a 
[211-55] 
Κ211 668. Fi: PeSer. 9 1. U‘maxp=— C‘seqp. =: 
P= P*:(a). αε U'maxp v C‘seqp 
[*211'552 . *71°163] 
The following propositions are concerned in showing that sect‘“P, D‘P,, 
and DP. AZ) all verify the hypotheses of *210, if taken as the « of that 
number. 


#21156. |:. Peconnex.a fesect*P.dD:aCB.v. BC Pa 


Dem. 
F.e2112.3+:.Hp.qla-B.o.qlanCP—-B-— PB. 
[*202'501] d.qlanp Pp. 
[*40°682] >.8C Pa (1) 


Ε.(1). #2455. Db. Prop 
*211'561. Ε :. P,,econnex.a,Besect’P. S:aCB.v.8C Pa 
[Κ211.5606.11.181] 
Ἀ211.562. | :. P,, econnex.a, Besect*‘P.D:aCB8.v.8Ca {*211°561°1] 
“2116. &:.Peconnex.a,8esect§‘P.D:aCB.v.8Ca [*211°56-1] 
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*211°61. ΕἼ: Petransnconnex.a,8eD‘P,.d:4aCB.v.8Ca 
[*211°15°6] 
#21162. |:. Peconnex.a,8eD(P.AD).3:aC8.v.8Ca [#211146] 
In the hypothesis of *211-61, it is necessary that P should be transitive 
as well as connected. Take, for example, 


P=alyuy|zuzl«e (w+y.a+2.y+2). 
Then P is connected, but not transitive; also we have 
Pry =a. Pz = Ly. 
Hence tfc, ye DEPe aw (ufa C ify) (ty C te), 
Thus connection is not sufficient in the hypothesis of «211-61. 
#21163. Ετὰ Csect*P.D. sre sect*P 


Dem. 
Ε. 2111. . Hp. diaer.3,.aCCP: 
[40-151] 2:9 COP (1) 
F.#21L1. 3+: Hp. di:aerd.0,.P“aCa: 
[*40°8] 2: PR sr Ὁ str (2) 


Εν (1). (2). #211:1. 5+. Prop 
This proposition shows that sect‘P verifies the hypothesis of «210-251, 
with the exception of sect‘P~e1, which requires q ! P. 
*211°631. Ε:λ Csect*‘P. 2. prAnC*P esect{P 


Dem. 
Εν 42243, ΞΕ. ΟΡ CCP (1) 
Εν 2111. τ Hp.diaer.3,. Pala: 
[*40°81] I: PprAC pr: 
[*37°265°15] 9: P\(pr~nP)CpranCP (2) 
F.(1).(2). DF. Prop 

#211632. Ε: Δ Csect*P. qin. Dd. pr esect*P 
Dem. 


.*4023.3F:Hp.d.prcsn. 
[¥211-63'1] Dd. prCOP (1) 
F.(1).*211-631. 55. Prop 
#211633. fs» Csect{P.D. pr n s‘sect*P esect{P [*211°631:26] 
This proposition shows that sect‘P verifies the hypothesis of *210°252, 
with the exception of sect*P~e 1, which requires 7! P. 
*211'64. F:ACD‘°P..3.8'r¢ DP, 
Dem. 
Ε " *72°504 ᾿ 5) Ε : Hp " 9 " sx = sf PPEX 


[40°38] = Pest PK (1) 
F.(1).#211-11. 55. Prop 
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*21165. F:ACD(PeAD. 3D. sXe D(Pe AL) 


Dem. 
Ε.21112.2 τ. Hp. Dracr.2.-¢=Pea: 
[*50°17] Drr=P SAE 
[*40°38 ] D:str= Pisr: 
[Κ211΄12] D:sreD(PeAL):.F. Prop 
*211'66. Fig !P.>.sect*‘P, D’Pevel 
Dem. 
b.e211-4426. Db.A,O'Pesect*P (1) 
b. *33'24. D+:Hp.d.A+C%P (2) 
+. (1).(2).452°41.5D:Hp.d.sect*‘Prel (8) 
b.#211-44301. Dt:Hp.d.A,D*PeD*P. (4) 
Εις «33°24. D+:Hp.d.A+D‘P (5) 
Εν (4). (5). 2.41. 5. Ε: Hp.d. Di Pevel (6) 
F.(3).(6). +. Prop 
#211661. +: Pe trans. q!Clex‘C*P —CU‘maxp.3.D(PeALD)~el 
Dem. 
F. «205111. D+: aeClex‘C*P—U'maxp.>.qta.aCC*P.aC Pa. 
[*24-58.4«37°2] >.qiP “a. P “aC PYP a (1) 


Εν (1). #2015 .D 
Ἐπ Pe trans. D:aeClex‘O*P —~U'maxp.3. P“a= PP “a.q! Pa. 


[*211°12] >.P“aeD(PeAl). gi Pa. 
[10-24] D.qiD(PeaAD—UA (2) 
b.(2). #21144... Prop 


The following propositions sum up the above results in relation to the 
hypotheses of #210. The relation P,, with its field limited to sections or 
segments, which occurs in the following propositions, is important, and will 
be considered at length in the following number. 

#21167. +: Peconnex.«=sect*'P.Q=P,[«.3. Hp *21012 
[*211°6 . 210713) 
#211671. +: Peconnex.«=sect'P,.Q=P,[a«.q!iP.>. 
Hp #210251 . Hp #210252 [*211°67-66-63°633] 
*211°68. |: Petransnconnex.c=D‘P,.Q=P,,[ κ᾿ 39. Hp*21012 
[#21161 . #21013] 
*211°681. +: Pe transn connex.«=D‘P,.Q=P,.[«.qiP.>. Hp #210251 
[*211°68°66°64] 
#21169. +: Peconnex.«=D(P.Al).Q=P,.[«.3. Hp *21012 
[¥211°62 . *210°13] 


*211-'691. f: Peconnex.«=D(P.AD).Q=P,b«.D(PeADrel.d. 
Hp *210°251 = [*211-69°65] 
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#*211°692. |: Petrans mn connex.«=D(P.Al).Q=P,,[«. 

Ἢ ΤΟΙ ΧΟ Ρ -- (Ἰδχρ. 3. Ηρ Κ210.251 [*211:691-°661] 

The following propositions are concerned with the relations of sections 

and segments of P to sections and segments of P. When aesect‘P, 


CP —aesect’P, and vice versa. Also, if P is connected, the maximum 
of a (if any) is the precedent with respect to P (i.e. the sequent with respect 


to P) of ΟΕΡ -- α, and the sequent of a (if any) is the minimum with respect 
to P (ze. the maximum with respect to P) of C‘P—a. Hence the relations 
to be proved follow easily. 


#2117. Es:aesect“P.3.C0°P—ae sect’P 


Dem. 
b . #22°43 . Dk.C’P—~aCO'P (1) 
Ε.211}1. «871. 9b:.Hp.d:v2ea.yPa.d.yea: 
[Transp | Dixean.yrea.I.n(yPa): 
[*37°1. Transp | Divea. Dare P\(—a): 
[*37-265] D:aC— PCP —a): 
[Transp] 2: POP —a)C—a: 
[*37°15] 2: P“(C'P-—a) COP —a (2) 


Ε. (1). (2). Χ2111.39 ΕὈ Prop 
«- «- 
*211°701. Fs aesect’P. EH! maxpa. >. ρα C Pimaxp'a C O'P --α 
Dem. Sic. - 
F.*4012. Db: Hp.d.p'P "aC Pimaxpta (1) 
F.*205101. D+: Hp. >. maxpfave Pa. 
«- 
[*37°1.Transp.*32'181] >. Ρωηαχρίαζ --α. 
«- 
[Κ88.162] 2. P*maxp'a CCP --α (2) 
F.(1).(2). DF. Prop 
«- 
Ἀ211.702. Ε:Ρ ἐσομποχ. αε 8600}... ΟΡ --αζρΡιᾳ [κῷ02:801, 2111] 
«- 
*211-703, Fb: Peconnex. α εβθο -- (ΟἿΡ. 5. ! p'P**a 
[Κ2111021.. κ94.8 8] 
*211-71. +: Peconnex.aesect*‘P.E! maxp'a.>. 


«- €& 
pP a= Pimaxp'a =C'P —a 


Dem. || 4909-501 4211-2. Dk: Hp. >.0'P—aCp'Pa (1) 
b.(1).#211-701. Dk: Hp.>d.0*P—a=p Pa (2) 
Ε.(2). Κ211101. Dk:Hp.d .Pemaxpta Cp Pa . 
[*211-701] >. Pimaxp'a = ρέῬιᾳ (3) 


F.(2).(3). 3b. Prop 
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If a is a section of P, we shall call C’P—a the complement of a. By the 
above proposition, if ἃ is a section of P P baving a maximum, its complement 
is a section of P which is a member of PHP, 

*211-711. Ε- Peconnex. P? GJ .aesect*‘P.2. 
a= OP — p' Pa. OP np P a= OP —a [#202503 . ¥211-2) 
4211-712, : Pe connex.aesect*P. Etminp'(C*P—a)..a= P*minp'(O‘P—a) 


Dem. 
P 
Ε. #21171 P' > 
v ~ 
+: Peconnex. Sesect*P.E!minp’8.>. P*minp'8 =C'P~ 8 (1) 


b #2117 424492. Db raesect*P. B= ΟἹΡ —a.D.Besect*P.a=C’P—8 (2) 

b.(1).(2). DF. Prop 

*211°713. +: Peconnex.aesect‘P —D‘P .D.Etmaxp‘a.~ Elminp"(O*P—a) 
Dem. 


F. #21124. Transp. 3+: Ηρ. 2. EH! maxp‘a (1) 
t,*211°'7123.5+: Peconnex.aesect’P. EH! τηϊπ "(ΟἽ Ρ -- α). 3. ας DP. (2) 
Ε. (2). Transp. 9Ε:Η͂Ρ.9. ΟἹ "πη. Ν(ΟἿ}Ἐ — a) (3) 


Εν.(1}. (9). D+. Prop 
- ~ 
*211-714. +: Peconnex.aesect‘P.>.seqp‘a C minp“(C'P — a) 


Dem. 
— 
+. #206182. Db: aeseqp'a.d.veC°P—a (1) 
-- = < 
t.*206134. DE: xveseqpa.d. Pa ΟΡ — p'P a (2) 


Εν (2) .*202- 501. #2112. 3 

b:,Hp.3: τα € seqp“ Aids PooCa. 

[*37°462] D.2~E PH(OP — a) (3) 
t.(1).(38). #20511 .346. Prop 


-- ~ 
The above hypothesis is not sufficient to secure seqp‘a = minp‘(C* P ~ a), 
as may be seen by putting 
P=at(avex), where qla.a~rea. 
«- 
We then have Peconnex. Ρέατεα. ΟΡ --αἀτιί. ρα αν τῳ. Thus 
~~ - 
minp(C*P — a)=tfe.seqp'a=A. It will be seen that α 7 (αν t‘x)e trans, so 
that it is useless to add P ¢ trans to the hypothesis of *211°714. A sufficient 
addition is P GJ, as is proved in the following proposition. 
oa - 
*211-715. k: Peconnex an RI‘/. ae βθοῦ. 2. βθαρία-ε minp"(C*P -- a) 
Dem. 


—_—> 
Εν #20514. Db: a2minp(C'P—a).3.26eC°P—a.Pan(OfP-—a)=A_ (1) 
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Ε. (1). #33152. 2112.2 
-.} 
Ε: Hp.d:a@minp(C'P—a).3.c6C’P—a— Pa. PaeCa. 
- - 
ce CP api P a, PrCa. 


[*202°501] 5 Pea. Ps ε. 

[*200°5] D.ceCP an pf Pa. Poe C— pi P a, 
[*37'1.Transp | D.ceCOP a pP\a - Pepys Pry . 

[*20611] >. x seqpa (2) 


Ε. (2).*211-714. DF. Prop 
*211:72. +: Peconnex.aesect‘P—D‘P,.3. 
OP —a=P“(OP—«).OP—aeD (PAT) [#211-21-7-713] 
*211'721. +: Pe connex .aesect‘P mn (U‘maxp v C‘seqp). 3. 
—>p 


seqp'a = minp(C* P — a) 


Dem. 
«Ἡ--᾿ 
Εν 211. 11. 3: Peconnex.aesect‘Pn U‘*maxp.9.p'P“a=C{P --Οα. 
- - 
f*206°13] >.seqp’a =minp(O'P — a) (1) 


Εν Κ211114.9 
> ~ 
ΕἸ Peconnex .aesect’P.D:seqp‘a C minp(O*P — a): 
- -- - 
[*205°3.%206°16] Dig! seqp'a. D.seqp’a = minp(C*P — a) (2) 
—_> 
F.(2).3F: Peconnex.aesect‘P a U‘seqp. 3. seq p‘a =minp(O'P—a) (3) 
F.(1).(3). 3. Prop 


*211°722. + : Peconnex.aesect‘P.H! maxp‘a. EH! seqp'a. 2. 
maxp‘a = precp*(C*P — a) 


Dem. 
Γ. 211. 7211. 9+: Hp. 3.C%P—aesect"P. ἘΠΕ minp'(C*P—a). 
Γ.-. - -» 
[#211721 P| >. precp’(C*P — a) = maxp"{C*P — (CP — a)} 
᾿ -- 
[24.402] = maxp'a 
[Hp] == maxp'a: DF. Prop 


We have always, if P econnex . ae sect‘P, 
- - 
precp'(C*P — a) C χηᾶχρία. 


The converse inclusion does not always hold, as appears (on writing P in 
place of P) from the note to *#211:714. To secure the converse implication, 
it is sufficient to assume PG J or E! seqp‘a or ~E! maxp*a. 


- - 
#211723. +: Peconnex.aesect‘P.>. precp'(C*P -- αὐ C maxp‘a 
Dem. 


F.*202°11.4211-7.3t:Hp.d. P econnex .O*P—aesect'P. 


P 


211: <_ 
[* 1114 5 ok 


- - 
205°102.4206-101 | >. precp(C*P — a) Cmaxp‘a: 3+. Prop 
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Ἀ211. 724. +: Peconnex . aesect’P ὦ (T‘seqp vy — U'maxp). >. 
-- - 
max ρα = precp'(C*P -- a) 
Dem. 
F.*211'722.5+: Peconnex. aesect’P mn [866 ἡ U'maxp.)D. 
-- - 
maxp‘a = ργβορ(Ο" Ε -- αὺ (1) 
Ε. 211. 728. 94.18.9 ΕῚΡ ξοοπηθχ. aesecit*‘P -- ([ἸὯδ8χ».3. 
- - 
max pa Ξ- precp(C‘P—a) (2) 
Ε. (1). (2). #2291. 2 Ε΄ Prop 
*211°725. +: Peconnex.aesect*‘P nCU‘seqp.o. 
— -- - ~ 
maxp‘a = precp'(O'P — a). seqp’a = minp(C*P—a) [#211°721-724] 


*211'726. +: Peconnexn RIV .aesect*P. 2. 
- - - - 
maxp'a = precp'(C*P — a) . Βε6(α Ξε minp(C*P — a) 


Dem. 
b ΑΘΟΟ1. 202-11. ¥211-7. Dk: Hp. dD. Peconuex n BIN.O'P —aesect’P. 
- - 
[Ἀ3211.11δ.κ205:102..206.101] >. precp'(C*P — a) = maxp‘a (1) 


Εν (4). Κ211.11ὅ. 34. Prop 


#211727. + :. Peconnex n RIS/. αε86ο00 Ρ.: 
EB! limaxp’a.=.E! liminp(C’P — αὐ [*211°726 . *207°44] 
*211°728. + :. Peconnex n RI. aesect*‘P:~E! maxp‘a.v. 
~E! minp'(C*P —a) 1D. limaxp‘a = liminp(C"P -- a) 
Dem. 
F .*211°726 . #2074312, )-:Hp..~E! max pfa .2. 


-- 
limax p‘a = τ] »"((" }Ἐ — a) 
[*207-46.4211-726] , 7 limin (OP —a) (1) 
Similarly bk: Hp..E! minp(C'P — a). >. limaxp‘a=liminp((C‘P—a) (2) 
k.(1).(2). >. Prop 
*211:729. Ε: Peconnex n RIS. a esect*P — (A‘'maxp ὦ C‘seqp). >. 
limaxp‘a=liminp'(C'P—a) [211-728-726] 

*211:738. +: Peconnex.aesect‘P—-D(PeAL).9. 

OP —ae D'(P)eA I} — Opreep v {sect*P — DP} 


Dem. 
Εν #21121. >+:Hp.>.aesect*‘P —CU‘maxp. 
[Χ211.198] 5. Ὁ} —aesect*P — A*preep . 
[24°41] >.C'P—ae (sect“P — U'maxp — U‘precp) v 
(sect“P n U'maxp — U‘precp) . 
[4211-31-21] >.C'P—ae{D(P). A I}— prep v {sect*P— D(P)¢} : 


2. Prop 
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*211-'74. +: Petrans nconnex.aeD‘Pe~D(PeALD).9. 
CP -—aeD(P)e — Ὠ (δ AT} 


Dem. 
F.*211°431.3+: Hp.>.aesect*P mn U‘*maxpn (seq; . 
[*211°7'725] >.C'P— aesect*P n U'precp an U'minp. 
[211-431 | >.(1%P-ae DP). = D(P)e Al}:D+. Prop 


The following propositions sum up our previous results, 
«211-75. bi.aCCP.Q=P. 3: aecsect*P.=.C'P —aesect*Q [*211-7] 


4211-761. bs. PeSer-aCO'P.Q=P.>: 
ae D*P..=.C*P ~ aesect*Q n (A‘'maxg uv ~ ([Β660) 


Dem. 
F .#211'32.5+:Hp.d:aeD‘ Pe. =. aesect’P n (CU‘seqgp v — T‘maxp). 
[*211°75°726] ΞΞ «ΟἿΡ — aesect*Q n(A‘maxg v — ([8660) :. 9 Ε΄. Prop 


In the above proposition, “Petrans” is necessary in order that D‘P. 
may be contained in sect‘P, and “PeRI‘/” is necessary in order that 
“(OP — a)~e U'seqg” may imply “a~e U'maxp.” Hence the full hypothesis 
“PeSer” becomes necessary. 


*211'752. Ε:. Peconnex .aCO‘P. Q=P 2? 
aeD(P.AL).3.C*P —aesect’Q — T‘seqg 
Dem. 
Fe e211°41 . Dk:aeD( Pe Al). =. aesect*P — U'maxp (1) 
Ε. (1). «211-7723. 3: Hp.ceD(PeALD).3. 
ΟΡ — aesect‘Q — O'seqg: dF. Prop 


4211-753. k:. Pe RIS a connex.aCO'P.Q=P.2: 
aeD(PeAL).=.C°P —aesect“Q—CO'seqg [Κ211.41.7 126] 


4211-754, bs. Pe ἈΠῸ nconnex.aCO'P.Q=P.3: 
aesect*P— Dt Pe. =.C*P —aeD(Q. AL) ὁ ρας 
Dem. 
Ε.Ἀ211.516.9 
Εν Ηρ. 3: aesect*‘P —D‘P,. =. α sect*P mn (U‘maxp ἡ -- C‘seqp). 
(#211-7-726] «ΟἹ — aesect*Q n (U'seqg ὦ — T'maxg). 
[Κ21141] . ΟἽ --αε)(φὁε AL) α 8660 :. DF. Prop 


*211°755. | :. Pe trans nconnex.aCO*'P. Q=P 2: 
ae D§‘Pe—D(PeAL).=.C1P—aeD'Qe—D (Qe AT) [*211°74] 


ΚΩ11 766. Ε:- Pe RI nconnex.aCG'P.Q=P.D: 
aesect*P —D(PeAL).=.C'P—aesect'Q n C'seqo [*211-41'7'726] 


MoM {ἢ 
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211 157. t:. PeSer.aCO'P. Ὁ: - 
aesect*'P -D(P,AT).=.C°'P—ae Pep [*211-756-302] 

421176. +: PeSer.>.D'Pe = ((*P -)“(sect!P~ (4) 

Dem. 

+.*207:13. Transp. D+. —C*tlp = U‘minp v — CA ‘seqp (1) 

F.(1).#211°751.5h:.Hp. dDiraeDiPe. =a CCP .C'P ~aesect! P—- (1. 

[κ24.492] .(qB).Be sect!P ~Utlp.a=C°P—~B . 

[43813] ae (OP —)“(sect!P — (4110). 9 Ε΄ Prop 


ill 


4211-761. ΕἸ Pe Ser. D. sect!P a Atp = (ΟἹΡ -){sect*P — D(P)e} 
(Proof as in *211-°76] 
ve 

*211°762. Ε: PeSer.>. DP. AL) Ξ (ΟἿΡ —)“(sect!P — PC*P) 

Dem. 
Ἐν 211 757. Transp. 9 

«- . 
ti. Hp. 9 τα εβοοῦΡ, ΟΡ -- αὐ POOP. =.aeD(PeAL) . (1) 
F. (1). #24492 . 438-13. D+. Prop 
"2118. [:P,,eSer.aesect*P.. 
- => - > - 
maxp‘a = max (P,,,)fa. ἰη »(ΟἹΡ — a) = min (1.0). (0Ὑ} -- a) Ξε seq (P,,) 6a 

Dem. 

Ἐν. 421113.%*91602. Dt:Hp.d.aesect‘P,, (1) 


— - 
Ε. Κ211131. Κ305111. 9} : Ηρ. 3. maxp‘a = max (P,,)%a (2) 
P τ᾽ ) ~ é £ 
F. (2) Pp: *211-7.(1). DE: Hp.D. minp(C*P — a) = min(P,.){(C4P --αἡ (9) 
= 
[*211°726] = seq (P,.)*a (4) 
F.(2).(3). (4). DF. Prop 
The above proposition is used in *232°352 and *234°242. 


The following propositions lead up to *211-82, which is used in #2134. 
*211'83°841°9 are also used in *213. 


#21181. +: PeSer.aecsect’P.avel.C§P—ael.3. 
COP-a=UBP.P=PlapBP.a=D‘P 


Dem. 
Ε 421177181182 5. Hp... OP --α- BP (1) 
Εν #204461. Db:Hp.d.P=PED'Pp BP (2) 
Εν (1). #2111. 5Ε:ΗΡ.9.α - (3) 


(1). (2).(3). DE. Prop 


R&W II 40 
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4211811, Ε: PeSer—vA. P=Q+>a.>.C'Qesect'P.2= ΒΡ. Ο0-- D‘P 


Dem. 
F.e1l6111.5F:.Hp.d:yeO'Q.3,.yPa: 


[#2041 ] DiarveCQ: 
[*161°15] 9:8: BYP (1) 
.*16113.>+:Hp. >.0°Q=D‘P (2) 


Ε. (1). (2). Ἀ2111.9ΕὈ Prop 


Ἀ211.812. Ε:. PeSer—u'A.QeD*PE.D: 

OQ esect'P.CP—-C'Qe1.=.(qz).P=Qph2.5.P=QpBP 

Dem. 
b.#204°4.%201°12. DE: Hp.d. 0 Qrel (1) 
Εν. #20441. D+: Hp.d.Q@=Pf C@ (2) 
Ε. (1). (2). #21181. 9 +: Hp. CQesect*P.C°P-O'Qe1.5. 
OP—-CQ=UBP.P=QpBP (3) 

b. #211811. Dh: Hp.d:(q2).P=Qpc.=.P=Qp BP (4) 
~*#211°811.5+:Hp.P=Qp2.5.0Qesect*’P.0°P—COQel (5) 
F.(3).(4).(5). DF. Prop 


+r 


#211°82. ΕἸ: PeSer.QeD‘P[.5:. 

CQesect('P .=:(qR).P=QtR.v.(qz).P=Qpa: 
=:(qRk).P=QtR.v.P=QHBRP 

[Κ211.2382.288.812. #160°22 . x161°2] 

#211°83. Fit P.cnreOP.3.sect'(P +x) =sect’P vel(CP vise) 

Dem. 

F.*211-1.5 

Fi. Hp.Dd:aesect"((P +2). 

Ε. (1). Κ1|6111.9 

F:.Hp.D:aesect"(Pt2).vea. 

[22°41] 

F.(1).*16111.> 

F:.Hp.Ddiaesect(P+2).2~vea. 


aCC'Pvutte. (Ppa) aCa (1) 


ACCP vila. PaulPCa.avea. 
aC Putte (2) 


Hl il! 


ACC RPutta. PaCa.area. 


[*51:25] =.aCC'P. PaCa. 
[*211-1] =.aesect*P (3) 
F.(2).(8). D+, Prop 


*211°84. F:O'PaC'Q=A.D.sect"(P£Q) =sect*P u (CP v)sect*Q 


=sect*P u(C'P vu) (sect*Q—t*A) 
Dem. 


Ε. 2111 : Dk :aesect'(P£Q).=.aClPulQ.(PLQ) ala (1) 
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Εν (1). Κ16011.3 
ΕἸ ΗρΡ.9: αεϑοου Δ 0) ΑΓ ΟΡ. 
[Ἀ2111] 
.(1).*16011.> 
ti. Hp. Di aesect"((PHQ).qlanCQ.=.- 

aCOPu dd. cP uv QaCa.qian lg. 
[κ24.48.491]Ξ.α--ΟΡΟ OD. OCP Ca. Q*aCa-~CP.qia—-CP. 
[24-491 487-265] 
.a-OfPCOQ.CiP Ca. Q(a-CP)Ca-OP .qia-CP. 


aCCP, PaCa. 
-aesect’§P (2) 


[e211] =.a—C*Pesect'Q—uA.O°PCa. 

[κ22.92] =.ae(C*P vu) *(sect*Q — (Δ) (3) 
Ε. Κ211.26.44.9 Ε΄ ΟἿΡ esect*!P. ΟΡ. (C8P uv) *(sect*Q a tfA) (4) 
F .(2).(3). 36: Hp... sect“(P#Q) = sect*P vu (CP v)(sect*Q — tA) 

[(4)] =sect*§P ὁ (CP v)“sect"Q : D+. Prop 


#211841. ΕἸ: OOP anCtQ=A.)D. 
sect"(P 2 Q) — tA = (sect*P -- (Δ) u (OfP v)f(sect*Q—efA) [211-84] 
*2119, F.sect(e]l y= Av ilifa vu (ie uty) 


Dem. 
F.*211126.5+.Aesect(a] y). ἐν εἰν esect (x | y) (1) 
Ε. κδ183. Dkiaoxy.Dd.(aly)amA (2) 
Ε. 618. Dbkiw=y.d.(a] yaa i'n (3) 
ε.(2). (3). Dk.(al yea Cee. 
[2111] Dt .efeesect(x | ¥) (4) 


Εν ΚΩ111. κὅ4.4. 9 

br. ΞΡ εβοου( Ly). ϑ:ιβτ-Ξ Α.ν. βεειίω.ν.βεειίν.ν. Pauly (δ) 
Εν 5183. ΞΦΕ:φεν.9..Φείω γὺψ -ιΐν. 

[κ211.}} >. ye sect’P (6) 
b.x5123.0 Dkre=y.d.efysuto (7) 
t.(5).(6).(7). Ds. βὶ εϑοουῳ 4 ψν). D:fsA.v.Betic.v. βείων ly (8) 
F.(1). (4). (8). DF. Prop 
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*212. THE SERIES OF SEGMENTS 
Summary of #212. 


The series of segments or sections of a series may be ordered by the 
relation of inclusion, after the manner considered in #210. Since, as was shown 
in *211, sections and segments have the properties assigned to « in the hypo- 
thesis of *210, the resulting series are such that every class has either a 
maximum or a sequent, and either a minimum or a precedent; 1.6. the series 
of segments or sections are Dedekindian. Most of the properties of the series 
of sections and of the series of segments which have no maximum, only require 
that the original relation should be connected. The properties of the series 
of segments in general (D‘Pe) require also that the original relation should be 
transitive. 

We denote the series of segments by s‘P, putting 

§§P=P,[ D'P. Df. 
We then have, in virtue of *210°18 and *211°61, 
#21223. +: Petransnconnex.3.9*P= ap fa, 8eD&P..aCB.a+B} 
In like manner, for the series of segments which have no maximum, 


we put 
som'P=P,[D(P.Al) Df, 


and we have 
#21222. F:Peconnex.>.sgm‘P= 48 ja, BeD(PeAL).aCB.a+B} 
We do not need a special notation for the series of sections, since, in virtue 
of *211°13, it is ¢*Py or sgm*Py. Thus, by *212-23, 
#21224. +: Pyeconnex.D.5'Py = 88 a, Be sect‘P.aC B.a+ 8} 


We begin the number with various propositions on the fields, etc. of these 
relations, and on the conditions for their existence. We have 


#212132. Εἰ. D's‘ P=D‘P, — UU D‘P. U's'P = DOP. — fA 
4212133. b:q@!P.3.0%s§P=D‘P.. BisfP=A. BCnv's§P = DSP 
421214. EidtP.s.qis'P 
*212°152. Ε. d‘som‘P = (δὲ ἃ ἢ τ (Δ. 
ΚΩ12.17. Fiqis'Py.=.qtsect*P—UA.=.sect*{Prel.=.q1P 
*212172. Fig! P.3.C%s'Py=sect'P. ΒΡ, =A. BYCnv's'Py = ΟΡ 

Of the next set of propositions (*212°2—"25), several have already been 
mentioned. An important proposition is 


=> - 
*212:25. -:PeSer.>.P3P=(s‘P) [PoP 
for this shows that the series of segments contains a series similar to P. 
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We take up next the application of the propositions of *210 to the series 
of sections and segments. We show that if Peconnex, sgm‘P and s‘Py are 
series (*212°3), and that if P is also transitive, s‘P is a series (21231), We 
have 
*212°322. Ε: Peconnex.q!P.rCsect{P. 3. 5‘ = limax (¢*Py)r 
«21234. +: Peconnex.q!P.XCsect'P. 3. pan OP =limin(s!Py)*r 


so that every class of sections has both an upper limit or maximum and 
a lower limit or minimum (#212'35). 


We then prove similar propositions for s“P and sgm‘P, except that in 
place of *212°34 we have 


#212431. +: Petransnconnex.4!P.rACD‘P..3. 
s§(D*P. a ΟἹ ρ'λὴ = lamin (sf P)A 
*212:53. +: Peconnex.qisgm‘P.ACD(PeAL).3. 
sD" Pe ἃ ἢὴ ἃ Cl*p*r} = limin (sgm‘P)% 
The reason of the difference from *212°34 is that the product of an existent 


class of segments may not be a segment. Suppose, for example, the segments 
are all those that contain a given term 2, where x has no immediate successor; 


> 
then their logical product is Pa v ‘x, which is a section but not a segment. 
We have next (*212°6—°667) a number of propositions on the limits and 


> 
maxima of sub-classes of P*‘C‘P in the series sfP. The interest of this 
subject lies in its relation to irrationals. If a is a class contained in C‘P and 


> 
having no limit or maximum, P‘‘a is contained in C's‘P, and has a limit in 
s(P. We may call this limit an irrational segment. There is no irrational 
term in O*P, because in P there is no limit to a; but the limit, in ¢*P, 


=> . 
of Pa may be called irrational, because it corresponds to no term in C*P. 
It should be observed that (as will be proved in Section F) if P is similar to 
the series of rationals, ¢{P is similar to the series of real numbers. 


The most useful propositions in this subject are: 
*2126. F:PeSer.aCC%P.d. 
- = -ωἀλν -» -» - 
max (¢*P)§ Pa τ max (3 }.Ρ’α-Ξ Pmaxp‘a 
*212601. +:.PeSer,aCO'P.d: 
> => -» 

E!maxp'a.=.E! max (P)P)§P“a.=. ἘΠῚ max (s{P)'P"a 
4212-602. ts. PeSer.q!P.aCO'P.>:Etmaxp'a. =. PWae Pa 
«21261, +: Petransnconnex.q!P.).limax (s°P) Ῥέα == Pilg 

-Ὁ 

4212632. ΕἸ PeSer. qt Pa OP. Pitanve POOP «>. Ptaxit(s‘P) Pa 
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*212-661. t: PeSer.«C D'P,. El lt(sP)«.9. 
It (s¢P)e = It (s*P) Pst = 8° 
This shows that every limit in the series of segments is a limit of a class 
of what we may call rational segments (1.6. segments of the form Ῥω), namely 
it is the limit of Pristy, 
*212°667. Ε: PeSer.3.D‘lt(s'P)— ἐλ Ξ 'sgm‘P 


This shows that the segments (other than A) which are hmits of classes 
of segments are the segments (other than A) which have no maximum in P. 


The number ends with a set of propositions (*#212°7—72) on the relations 
of the sections and segments of two correlated series. If Sis a correlator of 
P with Q, then S, (with its converse domain limited) is a correlator of s*Py 
with $‘Qy, s*P with s‘Q and sgm‘P with sgm‘Q (*212°71°711-712). Hence 


*212-'72. ΕἸ PsmorQ.>.s‘Pysmors'Qy.s'P smor s‘Q. sgm‘P smor sgm*Q 


This proposition is used in the next number, and also in *271. 
*21201. s‘P=P,,.[ D*P. Df 


*21202. sgpm'P=P,,[ D(PeAr) Df 
"2121. Fb:ia(s'P)B.=.a,8BeD'Pe. gq! B—a—P*(a— β) 


[1 70°102 . *37°15] 

#21211. bFra(sgm‘P)8.=.4a,8eD(P.AL).q!B—a 

Dem. 

b .%*170°102 .*87'15.9 
Fra(sgm‘'P)@.=.a,8eD(PeAL). qi B—a—P*(a—8) (1) 
F.#21112.D>b:aeD(PeAT).9.—-a=— Pha. 
[*37-2.Transp]} D>.-aC—P**(a—£). 
[*22°621] >.-a—P“a-—P)=- a (2) 
F.(1).(2). 5+. Prop 


#21212. t:a(sgm‘P,)8.=.a,8esect"P.qiS—a (211-13. #21211] 


Thus sgm‘Py has the same connection with sect‘P as sgm‘P has with 
D(PeAD. When P is transitive, sgm‘Py also has the same connection 
with sect‘P as s‘P has with D‘P.. The following proposition makes these 


facts more explicit. 
#212121. F .spm‘Py =6'Py = P,,[ sect*P 
Dem. 
f.#211:18.3+.sgm‘Py = P,f sect *P (1) 
F Κ2121.. #21113. Dtia(s'Py) B.=.0,8esect'P.qiB—a—Py(a—B) (2) 
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F.#*21113.3F:aesect*'P.D.a= Py a. 

[437-2] >. Pyf(a—f)Ca. 

(Transp.*22°621] >.-a—P,(a-fp)=—a (8) 
F.(2)-(38). DF ra(s'Py) 8.=.4,hesect*P.qgiB—a. 

[Κ211.12] =.a(sgm‘P,) B (4) 
Ε. (1). (4). D4. Prop 

*212'122. + .s‘P,sgm'P e RIG [«1 70°17] 

*212-123. +. Οἷς Ρ, Csgm'P~e1 [*200°12 . *212°122] 


Ἀ21218, FiA(s'P)B.=.8eDIP.-—tA [#1706] 

*212131. F:a(s'P)(D'P).=.aeD‘Pe—-UD‘P 
Dem. 

Fee2121.> bi a(sP)(D‘P). 

[¥211°301.%37°15] 


.a, DSP eD'Pe. qq! DSP —a—P*(a—D‘P), 
.aeD*Pp.aC ΠΡ. qt DP, 


Hod TW 


[*24°55.%22-41] ae DSP,.aC DSP .a+D‘P. 
[¥37°15 | ae D‘P..at+D*P: D+. Prop 
¥212:132. F.D‘s‘P=D‘P.—uSD‘P. ἧς" = D6Pe — "κα 

Dem. 
F.¥212°13:131.5+. DSP. - DIP CD‘5°P. D‘P. — (λ΄Ξζ ας Ρ (1) 
F.#2121. 3+. D‘s§P CDP... U's'P C θΓΡε (2) 
ft. #2121. 3b: ae D'sfP.3. (G8). Be DIP. qi B—a. 
[%37°15] >.qiD*P-a (3) 
F.e2121. 3b :Bed's'P.D. (qa). q!iS—a. 
[*24-561] >.q!8 (4) 
F(3).(4). DF. D'sfPC-— UDP. ας PC— tA (5) 


F.(1).(2).(5). 3+. Prop 

*212-133. Fig! P.D.C%SSP=D‘P,.. ΒΞ P=A. BCnv's‘P = DIP 
Dem. 

-.*33'24.2+:Hp.d.A+D‘P. 


[*212°132] D.AeD's‘P.DiPeC's'P. 

[#51221] 9. Dés'P = {((D'P. — DSP) — tf A} vita. 

[*212°132] >. C's§P = ((D‘P,. — 6A) — SD‘ P} vit A vy (DIP. — USA) 

[*22°63] = (Ὁ, --((λὴν κὰ 

[κ51.221] = D‘P, (1) 

Ε.(1). κ981108. #212132. >+:Hp.d. Bis§P = D‘P. —(D‘P. -- t*A) 

[*211-44] = tA (2) 
~> 

Εν. (1). #93103 . #2121382. 5+: Hp. >. B'Cny‘s‘P = D‘Pe— (D‘Pe — SDP) 

[*211-301] = i DIP (3) 


F.(1).(2).(8). DF. Prop 


632 SERIES 


#212184. F: P=A.D.9'P=A_ [#17035] 
421214. FiqiP.=.qis'P 


Dem. 
F.#212133.%211301.3F:iq!P.d.q1C%s'P. 


[33°24] D.qis’P 
Εν (1). κ212184.. 5. Prop 
#212141. ΕἸὰας Ος Ρ. Ξ ας DSP. 1} 


Dem. 
Ἐν 1024, DkraeCSP.D.qI1CsP. 
[533.24..κ21214} 5.ἀ1}. 
[*212°133.Hp] >.aeD*Pe 


Εν. #2121383. DFiaeDOP.. Gt P.D.aeO%s'P 
F.(1).(@).(3). 34. Prop 

#212142. Fin isfP.=.D* Perel 

Dem. 

b.#211-66.#21214. DE:qisP.9.D evel 
F. #212132. #21144, 3+:DIPewmel. OD. G1 U'sP. 
[*33°24] a.qistP 
Εν (1). (2). DF. Prop 


[PART V 


(1) 


(1) 
(2) 
(3) 


(1) 
(2) 


#21215. F:A(sgm'P)8.=.8eD(P.AD—t'A [Proof as in #21213] 


x212151. ΕἸ P=A.D.sgm‘P=A [170,35] 


The converse implication does not hold in this case. For the existence 
of sgm‘P, it is necessary that C‘P should contain existent classes having no 


maximum. 
#212152. +. U‘som‘P=D(PeAT)—tfA [Proof as in *212°132] 
#212:153. F:npisom’P.=.q!D(P.AT—-UA.=.D( Pe ADT vel 
Dem. 
Ε. #21215. DesqiD(PeAL)—UA.D.q I sgm'P 
Εν #212152. 5. τὴῇῦ ΓΒ Ρι 5. «ἢ ΕΓ Ρὲ ἃ ἢ --οδῈΔ 
Ἐν Ἀ212911. Dhkiqisgm'P.3.(qa,8).a,8BeD(PeAD).atf. 
[*52°16.Transp] 2.D(P.AT~el 
Ε. 211΄44.. 52.181. 9 
F:D&P.ALT)~ve1.3.(q8). Be D(PeALD. BA. 
[%212°15}] 2.q!sgm‘P 
F.(1).(2). (3). (4). ΕΞ Prop 
#212154. bq lsom'P.2.O'sgm‘P=D( PAT) 
Dem. 
F.*212-153:15. +: Hp.d.A¢e D'som‘P. 
[*212°152] 9. D(Pe AL) C Csgm!P 
F.*212-11. Dt. Csgm‘P CD(P. ATL) 
F.(1).(2). 3. Prop 


(1) 
(2) 


(3) 


(4) 


(1) 
(2) 
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*212-155. Finisgm‘P.>.A=Bésgm‘P  [*212°152°154. 93-103] 


#212156. Fiae C'sgm'P.=,aeD(P. Al). qisgm‘’P. 
»Qe D(PeAT).D(PeALT)~el 


hail 


Dem. 
F.*212'154. 3FraeD(PeAD).qisgm’P.D.aeC’sgm’P (1) 
F. #1024. 43324. 3b ταῖρι. 2. ἢ ἔρια}, (2) 
[*212°154] >.aeD( Pe AT) (3) 


F.(1). (2). (8) .*212:153. DF. Prop 
#21216, +: 0‘'PCD‘P.3.DiPe DP. AD) 


Dem. 
b.#37'27.59b:Hp.>. PDP =D‘P (1) 
F.(1).#211-12.9F. Prop 


4212161, b: CP CD‘P.g! PD. ἢ τορι. Ρ 


Dem. 
F.*33'24,421216.3+:Hp.d.DSPeD(P.AL)—tfA. 
[Κ212:15] >.A(sgm‘P)(D‘P). 
[*11:36] >.qisgm{P: DF. Prop 


*212:162. F: SPC D‘P.qiP.o. 
D‘P = BCav‘sgem‘P . D'sgmP = ΠΡ AT) - SDP 


Dem. 
Ε΄ *212-16°152 £43324. F: Hp. >. Di Pe U'som*P (1) 
b.*212'11.#3724.5b: Hp.aeD( Pe AL)—iUD‘P.3.a(sgm‘P)(D‘P) (2) 
Εν 9 7.24., DkraceD( PAD) .3.~q!(a-—D*‘P). 
[Κ212.11] 9. «(0 4Ρ} (sgm*P) a} (3) 


F.(2).(3). 3+: Hp.3.D(PeAD-UuD‘PCD‘som‘P.DfP~e βρη (4) 
F.(1).(4). #212154. 9 Ε Prop 
«212-17, Fiqis'Py.=.qisect*(P—iA.=.sect*Prel.=.qlP 

Dem. 


F.*212'182.%21113. Db :nto'Py. Ξ «ἢ ᾿Β6006} --ἰΔ (1) 
Εν 212142 .e21113. DF iq istPy.=.sect*Prel (2) 
F.*212-14, DeinistPy.=.q!Py. 

[x90°141] Ξ. 1 (3) 


F.(1).(2).(38). DF. Prop 

*212:171. +. D's‘ Py ΞΕ 5600. —u°C°P . U's‘ Py = sect*P — fA 
[*#212:132 .*211:13 . #9014] 

#212172. Fi 1 P.D. C's‘ Py =sect*P. ΒΡ. = A. BYCnv's'Py = CP 
(#212183 . #21113 . ¥90°141] 


#212173. biae O%s’ Py. =. aesect*‘P.W!1P.=.aesect’P.sect'Prel 
[*212°141°142:14 . *211°13] 
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4212-18, + .s‘Py=(O'P -)iCnv's*Py 
Dem. 
Ε...919:12.121. DF :a(s‘Py) 8 -=.a, 8 esect’P.qi8—a. 
[*211°7] . (ay, δ). γ, desect*P .a=C{P—-y.8=CP—6.q! 8-4. 
[*24°55] . (Wy, 8) «7, desect*P αΞ ΟἽ -y.B=OP—8.~(BCa). 
[#21 1-1 24-492] = « (1, δ). γ, Fe sect*P .a=C'P— 7. B= ΟΡ -- δ ιου(γς δ). 
[#21 2°12.%24'55] =. α {(C1P —)}Cnv's'Py} 8: DE. Prop 
4212-181. Ε. (ΞΡ smor(Cnv'sPy) [#21218] 
The above proposition is used in *252°43. 
42122. b.sgm'POs'P.som'PEsPy [¥21114.%212:11112] 
#21221. +: Petrans.D.s'PGs'Py [#211715 . #212712] 
212-22, +: Peconnex.>.sgm‘P =68 a, BeD(PeAl).aCB.at 6} 
(4211-62 . Κ910Ἴ, 212-11] 
4212-23. |: Petransn connex.>.5‘P =48 {a, Be D'Pe. aC B.atB} 
[421013 . x211-61 . (#219-01)] 
4212-24. +:Pyeconnex.d.s'Py= 68 {a, Besect“P.aC B.atB} 
[*212°121-22 . #21113] 
>, > 
4212-25. &:PeSer.3.PiP=(s‘P)f POOP 
Dem. 


Γ. *204'33'331.5 
= > 
Fr. Hp.Ddsa(PoP)B.=.a,8e P*OP aC β.αΈβ. 
>> 
{*212°23.%211°3] =.a, Be POOP .a(s'P)B:. 34. Prop 
The following propositions, down to *212°35, consist of applications of the 
propositions of *210, where the « of that number is replaced by sect*P, 
D‘P., or θ΄ (βεὰ ἢ, and the Q is replaced by δῖ κ, te. by sfPy, s*P, or 
sgm*P. The propositions which follow are important, since the use of 


segments, especially in connection with continuity, depends largely upon 
them. 


#2123. +:Peconnex.D.sgm‘P, ‘Py ¢ Ser 
[¥211°67 . 21014, *212°121] 


*212°31. Ε: Petransnconnex.D.sfPeSer 
[#21168 . 210-14 . (4212°01)] 


*212'32. t: Peconnex.qy!P.rCsect'P ser. 3. 8'λ = max (sfPy)r 
[*210°211 . *211°67 . *212°17] 


We write max (s‘Py)‘X, instead of putting s*Py below the line, because, 
when we have to deal with an expression not consisting of a single letter, it 
is Inconvenient to write it as a suffix, especially when it contains a suffix 
itself, as in this case. 
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*212°321. F: Peconnex.q!P.rCsect*‘P.sttnerX. 2. SAS seq (‘Py )*r 
[*210°231 . #21167 .*212-17 . *211°63] 
#212322, Ε: Peconnex.q!P.rACsect*P. 9. 5X =limax (s*Py)% 
[*212'32°321 . #207-46] 
*212-33. ΕΓ: Peconnex.q!P.rACsect'P. prnCPer.D. 
piri. a OP = min (sfPy)r 


Dem. 
F #211671 . #210252 .*211:26 .D 
- - 
ΕΙΗρΡ.9.Ρ}λ ἡ CYP emin (ς ΒΡ.) v prec (s§ Py) (1) 
> 
Γι #2062. DE: prAnC Pera. Dd. pra CfPre prec (s'Py)r (2) 
> 
F.(1).(2).3F: Hp.d.pian*Pe min (sfPy)r (3) 


+ .(3).#205°31. +. Prop 


*212°331. f: Peconnex.q!P.rACsect‘P.prnGPrer.d. 
pra CP = prec (sf Px) = tl (ς .) 


Dem. 
F.#211°671 . *210-252 . *211:26.) 
F:Hp.2. pian ΟΡ = limin (sfPx)r (1) 


> 
Γι 2051. Transp. db: p'rxn CO Prer.d.praC*Premin(s'Py)A (2) 
Εν(1). (2). #206161. 955. Prop 
#21234. +: Peconnex.q!P.ACsect*P. 2. pra ΟἹ =limin ($6Py)% 
[*212°33°331 . *207°46] 
#212°35. [:Peconnex.q!P.D. 
(A). Xe {Tomax (¢*Py) v ‘seq (s£P3)} α {Amin (s*Py) v A ‘prec (s‘Py)} 
[¥210°28 . *211°671 . #212121] 
*212:36. :.Peconnex. 9: Cisgm‘s* Py. D. BE! seq (s6Py) 


Dem. 
F. #21147 . *212°35'3 . 9 
ki Hp.g!P.d:reCsgm's'Py. D>. BE! seq (s'Py)r (1) 
b.*33'24. DF: Xe Osom‘s' Py. 9. tsgm‘s* Py. 
[*212°151. Transp] 9. τς - 
[Κ21217] 95. τΡ (2) 


F.(1).(2).9F. Prop 
“2124. +:Petransnconnex.q!P.ACD*Pe.s‘AeX.D .sX=max ($*P)A 
[*%211°68-66 . *210-211] 
#212401. Ε: Petransnconnex.q!P.rACD*Pe. sfrArerd. dD. 
sh = seq (ς)Ὰ Ξε ὺ (S*P)A 
f*211'68'66°64 . *210-231] 
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#212402. Ε: Pe trans ὦ connex.q!P.XCD*P.. 3. δ'λ = limax (sP)'% 
(*212-4-401 . 4207-46] 
#21241. +: Pe transnconnex.q!P..CD‘P.. pred. 3. pX=min(s6P)r 
[*211:68°66 . #21021] 
#212411. + : Petrans nconnex.q!P.NCD°P.. pre DP. -X.3D- 
ptr = prec (sfP)‘A = th (sf P)A 
[*211-68°66 . #210°23] 
*212:42. F:Petransnconnex.q!P.rACD*P..prrvern. od. 
s(D6P.n Clip) = prec (SP) = th (SSPYX 
[*210°26'22 . *211:68°66-64] 
The cases considered in #212411 and *212:42 are not mutually exclusive, 
since if p‘.e D6Pe, we have s(D‘P, ἡ Cl‘p*r) = pn. 
#212°421. +f: Petransnconnex.q!P.rXCD‘P..prre DP... 
s( DP. ἡ Clpr) = Ph pr 


Dem. 
Ε.3.211151. 5Ε.ΉΗΡ.2:αεν.9.  ᾳζα: 
[Κ40.81] 9: Ppr7C pr (1) 
Ε.(1).3.21111. Dk: Hp.d.P “pre DP. nClpn, 
[40°13] 9. P pr Cs( DP. n Cliptn) (2) 
F. 413196 .*60°2.3>b:.Hp.d:aeDiPen Cl pr.d,.aCpr.at pr: 
[*211°56°15°632] D:qir.aeD°P.nCl*pr7.9,.aC PM pn: 
[*40°151] Iiqia.d.s(DIP. an Cléptr) C PH pr (3) 
F.#40°2. 43724, DF :X5A. 9. 8(DSPen ClpArAyCDIP.PpX=DP (4) 
F.(3).(4). DF: Hp.d.s(D' Pen ΟἹ) C Pr (5) 
F.(2).(5). 35. Prop 


#21243, -:Petransnconnex.q!P.ACD°P.. pare D'Pe. 2D. 
Por = prec (SSP) =th(sfP)A  [%212°42°421] 

Thus with regard to the lower end of a class chosen out of C%s*P, we 
have three cases to distinguish: (1) if ρίλ ελ, pA is the minimum; (2) if 
pre DfPe—r, p*r is the lower limit; (3) if ρίλα ει} ε, P“pH is the 
lower limit. 
#212431. F: Petransnconnex.q!P.XNCD*P..)D. 

s( D6 Pe. ἡ Cl6pX) = limin (ς ΡΥ 


Dem. 
F .*212-42.5+: Hp. prrer.2.8(D6Pe an Cpr) = tl (SP) (1) 
b, #22441. 5+: Hp. prer. 2. pre(D'P. n Clpa). 
[40:18] D>. prCs(DIP.n Clépr) (2) 
F.x602, Dki:acD'PenClpr.Dd.aCpr: 
[*40151] Dt. s(D'Pen Clép'r) C pr (3) 
Ε.(2). (3). DF: Ap. prer.D.5(D'Pen Clip) = pr. 
[*212°41] 2.8 DSP, ἃ Clr) = min (ς" P)A (4) 


F.(1).(4).*207-46.34. Prop 
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*212'44. +: Petransnconnex.q!P.3. 
(A). r {A 'max (s*P) v (1864 (s‘P)} [Amin (s‘P) v Apree(s*P)} 
[211-681 . *210-28] 

#21245. Ε :. Petransnconnex.>:reCsgm‘s'P. Dd. E! seq (s‘P)X 


Dem. 
Ε. €211°47 .*212'44'31.3 


tie Hp.q!P.d:r6 Ἔρις. 9. BL seq (s6P)X (1) 
b.*83-24. Db: Osgm‘'s'P. >. qisgm‘s’P, 
[*212°151.Transp] D.qis'P. 

(#21214) 5.1} (2) 
ε.(1).(2).3. Prop 


The proofs of the following propositions are exactly analogous{to those of 
the corresponding propositions on ς΄, 
42125. &:Peconnex.qisgm'P.XCD(P.AL). ser. 9.~ 
δ΄ = max (sgm*P) 
#212:501. Ε΄ Peconnex.qisgm‘P.XNCD(P.AL).sXredX. 3D. 
8, = seq (som*P)*X = It (sgm‘P)A 
*212'502. +: Peconnex. q!sgm‘'P.X’ CDP, AD). 3 .sA= limax(sgm!P)r 
[*212°5°501] 
#21251. +: Peconnex.q!isgm‘P.ACD(P.AD). prer.d. 
p= min (sgm‘P)r 
#212511. +: Peconnex. qisgmf'P.A~ACD(P. ALD. preD(P.ALT-2X.D. 
p*r = prec (sgm‘ PP) = tl (som*P)‘r 
#21252. +: Peconnex. q!sgm‘P.XYCD(P. AL). prrerd.o. 
s{D(P. ἃ 1) a Clip} = prec (sgm‘P)A = tl (sgm‘P)r 
This proposition includes *#212°511, since, if p‘v « D‘.P. AZ), we have 
s{D(P.eATD) α Clip} = pir. 
#21253. :Peconnex.yisgm6P.ACD(P,AT).). 
s{D(Pe AD a Cla} =limin(sgm6P)A = [#212°5152] 
The proof proceeds as in *#212°431. 
#21254. +: Peconnex.q!isgm{P.D. 
(A). ¢ {A ‘max (sgm‘P) v C‘seq (sgm‘P)} ἡ {( ‘min (sgm‘P) v C‘prec(sgm‘P)} 
#21255. ΕἼ: Peconnex.3:A6¢ Cisgm'sgm'P. 9. El seq (sgm6P)X 
The following propositions are concerned with the relations of maxima, 
limits and sequents in P and s‘P respectively. The series BSP, which is 
ordinally similar to P, is contained in s‘P; and if a has a maximum or 


— — — 
limit in P, the maximum or limit of Pa in ς is P*maxp‘a or β΄! ρα. 
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- 
In this way, a series (namely P3P) which has the same ordinal properties as 
P can be placed in a certain Dedekindian series (namely s‘P) in such a 
way that the classes which have limits in P are those whose correlates have 


-- 
lhmits which are members of P*‘C‘P, while those whose correlates have 


=> 
limits which are not members of P*‘‘C‘P are those which have neither a 
maximum nor a limit in P. These relations are important in many con- 
nections. For example, if P is of the type of the rationals, s‘P is of the 


type of the real numbers: C*s‘P — P“C*P corresponds to the irrationals, 


> = 
and classes contained in P‘‘C*P but having a limit not belonging to P‘*C*P 
correspond to series of rationals having an irrational limit. In the original 
series P, there are no irrational limits; but if α is a class in ΟἿ and having 


-- 
no limit, Pa has an irrational limit in ¢“P. 
#2126. +:PeSer.aCC’P.d. 


> — - >. > > —> 
max (¢*P)*§P“‘o = max (P3P)§P““o = P“maxp‘a 


Dem. 
F.*205°9 . #20012.) 
- -» "> > > 
b: Hp. 3. max (¢‘P)*P a = max (P3 P)§ Pa (J) 
Ε. #20435 . 205 8.9 
--Κ ον -Ὦ -Ὁἡ 
b: Hp.D. max (P)P)*P“a= Pmaxp*a (2) 
F.(1).(2). DF. Prop 
*212°601. k:.PeSer.aCC'P.3d: 


> -Ὁἢ — 
E!maxp‘a.=. Ei max (P3P)§'P“a.=. EB! max (s§P)P“a 
[*212°6] 


-- 
Ἀ212. 002, Ε:, PeSer.q!P.aCOSP.3:E! maxp'a.=,. P ae Pia 


Dem. 
b , *212°601 . *¥210°223,.)D 


> => 
F:. Hp.3:E! maxpfa,=.s8'P ae Pea. 
-} 
[*40°5 | =, Pee Pas. Prop 
=> 

*212°61. +: Petransnconnex.q!P.)D.limax(s*P)P“a= Pa 

[%212°402 . ¥40°5] 
*21262. +:.PeSer.q!P.3d: 

. . —_, -᾿Ἤ 
Ethmaxp‘a.=.E!lmax(P?P) P*a. 
> -Ὁ 
=. limax (s‘P)'P“a= Plimaxp'a. 


> — 
=. limax (s‘P)§F “ae P“CSP 
Dem. 


> Ὁ 
F .#€204°35 .*207°65. D+:. Hp. Dd: E! limaxpa. =. E! bimax (P3P)‘P*a (1) 
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_ 
b.*20751.3b:.Hp.3: Pilimaxp'a= Pa. 


. limaxp’a = limaxp‘a. 


Hl ill 


[#1428] . ΒΕ limaxp‘a (2) 
F.(2).#*212°61.> 

. => = . 
ΕἸ Hp.D: Et limaxp‘a. =. limax ($f P)§Pffa = Pflimax pa (3) 


Εν 207,51. Κ14:204.,9 
=> 
F:i.Hp.3: Eflimaxp'a.=.(qz).veOP.Pae=P “a. 
—_ 
f*37°7] . Pa e POCKP (4) 
F.(1). (8). (4). 35. Prop 


#212621. b:. PeSer. 8 CC*P.D: limaxp’ae 8. =. limax (SP) PM'a € Τωβ 


Dem. 
+. *33'24.>b:Hp.limaxpfae 8.3.41 P.limaxp‘ae 8. 
[*14-21] 5... ἘΠῚ limaxp‘a. limaxpfae 8. 
> - 
[*212-62] >. limax «(SPP e PB (1) 


Εν 433-24 . #22621. +: Hp. limax (Py Peta e ¢ Peg. >. 
“iP. limax (9tP Pe € Pg n POC, 
--Ὁ 
[*212°62] >. max (s°P) Pea «Pg . limax (s§P) Pg = Plimaxp‘a. 
[472-512.4204°34] D. limaxp‘ae B (2) 
F.(1).(2). DF. Prop 


-} 
Ἀ21908. Ε: Ρεβο Ρ. ας ΟἿ. ΟἿ ττραχρία.. 3.1 (ςΡ)Ρόα τὸ Pa 
[*212°61°601 . *207°43] 
> - 
*212-681. b:. PeSer.q!P.aCC’P.3:E! ltp'a. =. lt(s‘P)§Pa=Pltp‘a, 
> - 
=. ]t(s§P)P ae PACEP 
Dem. 
bt .*207°47.DF:E!ltp’a.=. E! limaxp'a.~E! maxp‘a (1) 
F .(1). *212'62°601.5 
> -- - 
Ε: ΗΡ.9 : Ε ΤΠ0ρία. =. limax (¢§P)§P“a= Plimaxp'a . «Ὁ Εἰ ! max (sP)‘ Ῥέα. 
--. “ΚΦ 
[*207-43-11] =. 1b (s§P)'P*a= P'ltp a (2) 
Εν. (1). #212°62'601.D 
> => — 
Fr. Hp.>: EB! ltpfa. =. limax (s§P)' Pa ε P“ OCP .~E! max ($'P)' Pa. 
> = 

[*207-43°11] » It (s§P)P\'ae PHOP (3) 
F.(2).(8). 9. Prop 


I 


it 


-; -- 
ΚΩ12632, +: Ρ ΕΒ ΤΡ. ΓΟ ΟΡ, Pave POOP .D. Pa=lt (ςΡ)Ρ“α 
Dem. 
+. *212°602. DF: Hp.d.~E! maxp‘a. 


-} 
[Κ212:001] D>.~E! max (ςΡ)Ρ΄“«. 
> 
[*212°61] D.1t(sfP)§P a= Pas Db. Prop 
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*212-633. F:. PeSer.qiP.veC'P.Q@CCP.D: 
-: - 
e=ltp§B.=.Pe=lt(stPy PKs 


Dem. 
b. «212°63] .*14:21.5 
— - 

Εν Hp. d:a=1tp'8. 3. Pies lt (st PPB (1) 
— —> -» 

Ε. Ἀ212.402. ΞΕ: Ap. Pe=lt(s'P) PR. ἢ ΡΞ PMB (2) 
- — - - 

Εν 2060.2, Db: Hp. Pw=lt(s{P)P "B.D. Plaave PB. 

[*72°512.*204°34] D.areP (3) 

— — 
Εν (2). (3) «207-232. Db: Hp. Px =It (s*P)P“. «ὦ = ltp'B (4) 
F.(1).(4). 95. Prop 


=) -- 
#21265. Ε:.ΡεΒεγ ας ΟΡ. 3: Bl seqp‘a. =. Pseqp‘a Ξε seq (ς- ).Ρ΄'α 
Dem. 
+. #20617 .*210°715 .%211:3.5 


-» — 
Fs: Hp.3:. P*seqp‘a =seq (s‘P)'P“a.=: 
> => > -» 
yeanCP.d,. PY C Pseqpfa. Ply + Pfseqp'a: 
ΕΝ => 
ye D6P..y C P'seqp'a. γε Pfseqp'a. D,.(qz).zea. yO Pe: 
[204° 33.4206 22]=:yeanOP.D,.yP seqp'a: 
-:} 
γε Ρε. γξίαα COP) vu Ρ““α, γε(ακ ΟΡ} Pa. ,.(qz).zea.yC Pe (1) 
—_ 
b.#211'56.3+: Hp.vye DSPe.zeC§P—y.d.y OP (2) 
Ε.(2). DF: Hp.yeD*Pe.y Clan CP) u Pa.yt(anO'P)yu Pa... 
-- 
(qz).zea.yOP*z (3) 


F.(1).(3).3 

= > 
Fis Hp.3:. Pfseqp’a = seq (s'P)'P“a.s:yeanCP.d,.yP seqp‘a: 
[*206°211.414°21] =:Et!seqp'a:: D1. Prop 


#212651. Ε:. PeSer.aCC'P.3: 


E!seqpfa. =.seq τ Ρ βίᾳ Ε PHP, =.E!seq (P SPY Peg 
Dem. 


> « 
Εν, #*212'65.3+:.Hp.3: Et seqp'a. >. seq (s$P)§PMae PCTP (1) 
Εν #20617 .*210°15 .*211'3.5D 
> -» 

Fi: Hp.3:. seq (sfP)§Pa = Peo. we CP 

yeanCP, ον Py CP. Py ΕΖ ως 

γε}. yCPw. yt Pew. D,.(qz).zea. CPi we(*P: 

=> 
[*204°33.%211:3] Dian CPC Pew :yPw .Dy.(qz)» zea.P'yCP*2 sweC*P : 
> > 

[*204°32} DianCPCPw.PwCav PacweCP: 
[*206°171.%33°15] D : ὦ = seqp‘a (2) 
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Εν (9). «870. #14204. D 
-ωμ => 
ΓΝ Hp. 9:56 (s*P)§P ae POP. 2. BE! seqp‘a (3) 
F.(1).(8). *206°62.96. Prop 
—_ 
*212°652. +: PeSer.aCC'P.E! maxp‘a. E! seq (sfP)§Pi'a, 2. 


-} 
seq (ς ΡΥ Ρα τ αὺ Pia 
Dem. 


> > 
F #2126601 . *206-46.5+: Hp, >.seq (s‘P)§P*a=seq(s* Py‘ Psmaxp‘a (1) 
b .¥20617 . #21015. #2113. 
-- 
Fi: Hp.:. 8 =seq (ς- 3)" }ίγηαχ ρα. ΞΞ : 
=> — 
Be D‘P,. P*maxp'aC 8. Ponaxp‘a+ B: 
=> 
ye DfPe. yCB.y#t8-2,.y CP maxp'a: 
--} 
[*201°55.42101] 9: βε ὨΡε. α1β-- Ph (P'max pa v efmaxp‘a): 
-- 
yeD*Pe. yO β. γε β.2,.,. .γς Pimaxp'a: 
- 
[#21156] 9: β εὍ},. Pimaxp‘av tmaxpaC 8: 
- 
γε Ρε. γΟ Ruy th. dy.yC Pimaxp'a: 
> > - 
[#2113] D:BeD*P.. Pimaxp‘a v t'maxp'a C8: a%e8.5,. P’eC Pimaxp‘a: 
— => 
[*40°5] D:Be D*P,. Pimaxp*ay efmaxp'aC 8. PBC Pimaxp‘a: 
= 
[*202°56] 3: 8¢D*P.. Pimaxp'a v emaxp'a= 8: 
[Ἐ206:131 99] 9: B=avu Pa (2) 
F.(1).(2). DF. Prop ᾿ 
=> 
*212°653. + :. PeSer. Ei maxp’a.aCC’P. 3: Ef seqp’a.=.E!seq(s*P)'P a 
Dem. 


Εν. #212652. > bt. Hp. El seq (s*P)'P"a. Dau Pare D'Pe (1) 
F.*205°191. DF: Hp.).E! maxp(av Pé€a) (2) 
Εν(1). (2). Ἀ211.51. 5+: Hp(1). 3. Ei seqp(a vu Pa). 

[*206°25] D>. E!seqp‘a (3) 
F.*212°65. D+:Hp.E!seqpfa. >. E! seq (s<P) Pa (4) 


F.(3).(4). 35. Prop 
#212°66. |: Petransnconnex.«CD‘Pe.sE! max(sfP)fe.D.~ ἘΠ maxp‘s'« 


Dem. 
Εν #21071 . #21223. 


FivHp. Di Bex .Is- (dy) yer-B Cy aty— 8? 
f*201:5] D:Bex.ceB. dens (Ty) vex. qly—-Paw—ea: 
ς-- 
[Κ202.101] 9: εϑ8'κ. 9... (1γ)}).γεκι γα, 
[181-46] D,. ve Ps'e 2, D+. Prop 
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-} 
*212°661. |: PeSer.«C D6P,.E!lt(s*P)*«e.3.1t(s£P)e=1t(s§P) PM ssc = 5% 
Dem. 


.#212°402.  Db:Hp.d.1t(s'P)\e= se (1) 
F.%*212402. Dt:Hp.). limax (SP) P's = P sk 
[#21266] = 8' κα (2) 
Εν #212-601-66. > ΕΞΗΡ. >.<E! max (s‘P) Pst (3) 
Εν (2). (3). Dt:Hp.d.|t (SPY P's = 8 κ (4) 
F.(1).(4). 55. Prop 


#212662. +: PeSer.«CD*Pe. E! lt (s*P)%«e.d. 


(qr) XC POP Τὰ (ςῬγ = lt (ΞΡ Ὰ 
[*212°661] 
*212°663. ΕἸ Pe Ser.aeC*P Pe e D‘lt(s*P).5. 


~ - Ὁ} = 
Pa =1t (SP) PP! Pa. a= lbp! P*x 
Dem. 


—_ 
F.*212°'661.)+: PeSer.veC'P, Por=lt(s'P)%.3. 
= —> -9 
Pa = 8%. Pr= lt (SP) PMs". 
= ond > 
[x13-12.4212-66] 59. Pex =lb(s¢P)*P“ Pe. E! maxp'P'n. 
—> -» -» > 
{*206°4] 9. Pe =1t(s*P) PEP @ . 2 =ltp’P&: D+. Prop 
-} 
Ἀ212. 664. Ε:. PeSer.zeC'P.D:xeeD‘ltp.=. Ῥῷ ε D'lt(sP) 
Dem. 
-" -» 
Εν #212681. Db: Ηρ. το]υρία, 9. Pex= tp Pn (1) 
F.(1).%*212°663 .>+. Prop 


=> 
*212°665. Ε: PeSer.q!P.aeD(PeAl).5.1t(s§P)Pa=a 


Dem. 
F.*211-4.5F:Hp.d..H i maxp‘a. 
[*212°601:44] D. It (SP) Pa = limax (SP) Pa 
[%212°402.%40°5] = Py 
[*211°12] =a:D+. Prop 
#212666. Ε: PeSer.q!P.3.DIt(s‘P)=D(PeAD) 
Dem. 
b .*212°66-661.5+: Hp. «OC D6Pe. y= lt (s'P)e. 3. y= 5'e.~E! maxp’y. 
[¥211-64:42] D.yeD(PeAl) (1) 


Εν. (4). Κ212.6608. 5 Ε. Prop 
*212°667. F:PeSer. 9. D'lt(s§P)—-vA=U%sgm'P = [*212°152'151-666] 
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*212°7. F:SePsmorQ.D.sect’P =Se“sect*Q . Οἷς". τῷ Se“ Os Ὁ 
Dem. 


Ε.Κ161 1118. Dt:Hp.@Ccg.>d.S“BCCP (1) 
Ε.Ἀ87.2. ειρβςβ.3. δέρβς δβ (2) 
F.(2).#72508. DF: Hp. BCC. QSBC B.D. S*QOMSS«BC SB. 
[*151-11] 9. PHSB CSB (3) 
F.(1).(8).#2111.5F: Hp. Besect*Q.3.8“Besect’P (4) 
F.(4).#151:131. DF: AHp.aesect*’P.D. S“aesect*Q. 

[*72°502] D. ae Se“sect’Q (5) 
F. (4). (δ). Dt: Hp. 9. sect‘’P =8.“sect*Q (6) 


F.(6).*21217:172. 5+. Prop 


*212°'701. F: Se Psmor Q.9. D6 Pe= Se D6 Qe. Οἷς = SOS Ὁ 
[Proof as in *212°7] 
*212°702. Εἰ Se PsmorQ.3D. 
DP. AD) =S8D(Q AD). Osgm'P = 8. Csgm‘Q 
[Proof as in *212°7] 
#21271. +:SePsmorQ.9.SefO%sQy ¢ (s*Py) Smor ($“Qy) 
Dem. 


b.#71°381. Db: Hp. 9 :. α, BesectQ.I:qiB—a.=s.qiS“B—S“a (1) 


SI 


F.(1).*2127.356:.Hp.a, Besect*Q. 3: a(s'Qy) 8. =. Sa (s*Py) SB. 

[*150°41] =.a{Ser(s'Py)} B (2) 
F.(2).#212172. 6: Hp.d.s*Qy Ε Se7(s* Py) (3) 
Snnilarly F:Hp.2.s*Py € 8.3(s*Qy) (4) 
Εν x72451. Db: Hp.d.SePCs*Qyel— 1 (5) 


Εν (9). (4). (δ). #15127. 55. Prop 
*212-711. ΕἸ Se Psmor Q. 3.8. [Οἷς Ὁ ες“) smor (s‘Q) 
[Proof as in *212°71] 


*212°712. Ὁ: Se Psmor ᾧ, 9. δὲ /C‘sgm‘P e (sgm‘P) smor (sgm‘@) 
[Proof as in *212°7] 


#21272. |+:Psmor@Q.>.¢‘Pysmor 5‘Qy.$*P smor $‘Q . sgm‘P smor sgm‘Q 
[4212°71-711-712] 
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*213. SECTIONAL RELATIONS 
Summary of *213. 


If ais a section of P, P[ a is called a sectional relation of P; and if a is 
a segment of P, Pf a is called a segmental relation of P. If P,, 15 serial, 
sectional relations may be arranged in a series by the relation of inclusion 
(#213°153). That is, if we call the series of sectional relations .P;, we shall so 
define Ps as to secure that if P,, is serial, 


QOP;sR.=.Q, Re PE “(sect*P- iA). QER.Q+R (#21321). 
The natural definition to take would be 
Pr= Phis'Py. 
But this has the disadvantage that if «BP, 
Ph iw=PP A.A, ufeesect*P. 
Thus PLa=P[ 8 does not imply a= 8; and when P is serial, Pfs‘ Py 
is not serial, because A(Pfis‘Py) A. In order to obviate this inconvenience, 
we confine ourselves to sections which are not null, putting 


P,=PLi(s'Py)t ( Δ) De 
With the above definition, we have (#213:151'152), if P,, ε Ser, 
(PEPCW(stPyt-vA}el 1 
and P, smor (¢*Px) 0 (— tA). 


The relation P, is very useful in dealing with well-ordered series; in this . 
case, we have (as will be shown later) 


P,= Pts Pi PY OP pe P. 
It will be seen that, it P,,eSer, whenever P exists, P=BP, (#213158); 
and whenever BP exists, A = ΒΡ, (#213155). 
We have, if P,,. € Ser, 
QP,R.=.ReO'P;.QeD‘R; (213-245). 
Hence ReO*P,.D. Pf R=D‘Ry. Ry= PrDC'Ry (4213°246-242), 


If P is serial, the sectional relations of P are all relations such that by 
adding something to them they become P, 1.6. they are 


Q(qQR).P=QAR.v.(qz).P=Q-pa} (9184), 
Hence their relation-numbers are those that can be made eqnal to that 


of P by being added to. This fact is important in connection with the theory 
of greater and less among relation-numbers, 


The propositions of this number are rendered complicated by the necessity 
of taking account of the possibility of a section being a unit class, This 
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necessitates a good many propositions which are merely lemmas; but in the 
end the complications mostly disappear. 

We begin with propositions on the field, ete, of P;. We have 
*213°'141. Γ΄. DSP, = PE (sect*P — ἐλ — ΟἹ ΡΒ) 
Ἀ218:142. §:P,,GJ.9. OP, = PE ΘΟ Ρ — eA) 
*213-16. F. DEP, = PE “(sect*P — ofA) — u°P 
4213-161. ΕἸ P,, GJ. qt BP. Ὁ. Pt sect!P = PE “(sect’P — 1A) = ΟἹΡ, 
#213162. ΕἸ: P,,¢Ser.>.‘°Ps = PE “sect*P — uA 

We then prove: 
*21317. ΕἸ P,,¢Ser.>.Nr‘s‘P,=1+Nr'P,. 

ΝΡ (ΟΡ) = Nr P, 

If P is finite, it follows from the above that s‘Py is not similar to P;; 

but if P is infinite and has a beginning and is well-ordered, we find 
Nr‘s(Py = Nr‘Ps. 

*213:172. +: P,Q. «Ser. Psmor Q. >. Ps smor Qs 


We then have a set of propositions (*213'°2—251) chiefly concerned with 
the sections of R, where ReC*P;. Besides those already mentioned, the 
following are important: 


*213-24. +:Pesect‘P.R=PEB.D.sect'R=sect'P an COR 

4213-243, +. PP =D*P, 

*213-25. F:P, ¢Ser.Q, ReCP,.3:QeD‘R,.v. Re DQ,.v.Q=R 
Our next set (*213'3-—32) is concerned with A anda]y. We have 

#2133, +:P=A.3.P;=A 

*213'32., b:Pe2,.3.P;s=A] P. Pre 


We then have three propositions (#213°441°42) showing that a sectional 
relation of P is one which becomes P by being added to. We proceed to 
a set of propositions (*213'5—'58) on (P +2); and (.Ρ 5 0)», leading to 
#21357. +:P,,¢€J.NrQ=Nr'P+i.3.NrQ,;=NrPs41 
#213°58. §£:P,,G/J.Q,¢Ser.CPaCQ=A.>. 

ΝΕΡΆ Q)s = Nr‘P; + Nr‘Qs 


#21301. P,=Pf(s‘Py)[(—efA) Df 
#213-1. +F:QP.-R.=. 
(qa, 8).a,Resect"P—tA.qiB-a.Q=Pla.R=PEB 
[*212-12-121 . (%213'01)] 
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#21311. +:.P,,econnex.3:QP,R.=. 
(qa, B).a,Besect‘P—-UA.aC B.at+8.Q=PDa.R=PEB 
[213°] .#211°6°17 . 2101] 


421312. b.D(s‘Py)f (— tA) = sect! P — ΚΔ ~ (ΟΡ 


Dem. 
b.*21212.>Db:aeD(s*Py)f (- eA). =. (GB). Resect"P.qiB-a.atA. 
[%212°12] =.at¢A.aeDsfPy. 
(*212°171] =.aesect"P—tA —1COP: 3+. Prop 


= - 
*213°121. +: P,,eSer. >. ΒΦ ΡΩΝ (— eA) τ βοοῦΡ ΑἹ =e BOP 
Dem. 


- 
F .#21212.*2138°12. 9 :. Be ΒΡ (—ufA). =: 
Besect'P —A—tC'P raesect"P. qi 8—-a.d,.a=A (1) 
F. *211:3°13'1 .*87°18.) 


=> > => 
Ff: Besect*'P.ae 8.3. Py‘cesectP. Py eC B.q! Pyfa (2) 
--Ὁ 
Ε.(1). Transp. (2).3 :. 8 e ΒΑ ΡΣ (— μΔ).3: 
-Ἐ 
βεβθο!Ρ —-UA-UOPi2e 8.2. Py'e=B (8) 


=> 
Εν #200391 ..3F:.Hp.Pesect"P—iAreceB. dz. Py'e=B.d: 
Besect*‘P—-—UAra,yeB ἢ, να τεῳ: 


{*5216] 2:1: β εβϑοῦβ } (4) 
--Ὁ 

Ε. (8). (4). DF: Hp.3.B(s'Py)f (- ἐ(ΛῈ)Ο βοοῦβΡ al (5) 

Ε..21812. Κ20012.,9Ἐ:Ὴρ. 9. ΒΡ. 1 CD(s‘ Py) (— (Δ) (6) 

Ε.81.40]1. Dh: βεβοορβ αἹ .ϑιας β.ἀἘΒ.3 .ἀΞξλ (7) 

b.(7).*212:22121. Dt: Hp.d.sect‘Pa1l C—A(s‘P,y)f (— (Δ) (8) 


.(5).(6).(8).#21118. D4. Prop 


4218122, ΕἸ Pe Ser. q! BP. >. ΒΦ ΡΥ) (— fA) =U BP 

[%213°121 .%*211°181} 
= = 

4213193, Ε: P,,eSer. BSP=A.>.BYs‘P)P(—uA)=A 
[#213°121] 

*213'124. :. PoeSer. Dr EI B(s'P)P (eA). =. EV BP 
[#213°122'123] 

4213125, ΕἸ ΡΟ GI. D. O's\Py — Ave! 


Dem. 
b.x21217. Dk: P=A.D.0%'Py =A. 
[¥52-21] >. C's! Py - (ΛΟ Ὶ (1) 
b.x212172. ΕΣ ΤΡ. Dd. ΟΡ, =sect’P. OP O's! Py — fA (2) 
Εν #211133. 420039. ΕἸ Hp. weD‘P.>. Pyfa e sect!P.q1C0'P = Pyfe (8) 
F.(2).(3). Db: Hp.q!P.d.0%s'Py—tAvel (4) 


t.(1).(4). D+. Prop 
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The hypothesis P,, GJ, in the above proposition, restricts P more than 
is necessary for the truth of the conclusion. What we really require is 
P=A.v.(qu).weOP. Pyict OP, ie. PyO'P4vOP. This holds if 
either (1) the field of P does not consist of a single family, or (2) there is 
a member of C*P which does not have the relation P,, to itself, Thus the 
only case excluded is that of a single cyclic family. The hypothesis 
Py OP £ OP may be substituted for P,, GJ in most of the subsequent 
propositions of this number in which P,, GJ occurs in the hypothesis, We 
have, however, preferred the hypothesis P,, € J, as it gives a more immediate 
application to the case of Pe Ser, which is the case in which the propositions 
of the present number are important. 


#213126. F:P,,GJ.qtP.d.q!sect*P — fA — OP 
Dem. 
F .#213°125. #212172. D+: Hp. dD. sect*P —t Ave l (1) 
Εν 211.26. 38:24, OF: Hp.d.C*Pesect’‘P—UA (2) 
F.(1).(2).*52181. 5+. Prop 
#21313. F:P,,€7.3.0%s* Py) [(—e'A) =sect§P — if A 
Dem. 
F.*213'125.5 
Ετ Hp. Di-aesect{P— A.D: (q 8): Besect*{P—UA:qla—-B.v.q!B-at 
[421212] 9: (qB)ra((sPy) [(-UA)} BV BU(s'Px) E(-UA)} a 
[*33'132] DiaeO(s*Py) D(— eA) (1) 
F.(1).%212172. DE: Hp.q!P.d.0%>5°Py)[ (—efA)=sect*P—t*A (ἢ) 
#21217 .#2111. Db: P=A.D.0%(s'P,y)f (— efA) = 5600} -- κὰ (8) 
t.(2).(3). +. Prop 


= 
*213:131. +: P,,¢Ser.>.A(s‘Py) (- fA) = sect*P — SA - BSP 
[*213°13-121] 
—_ 
4213132. ΕἸ P,,¢Ser.q! B°P.d. 05‘ Py) t (—u'A) = sect§P — A — UU BYP 
[213-139-122] 
- 
#2131383. ΕἸ P,,¢Ser. BP=A.3.0%s'Py) ἢ (— tA) = sect*P — A 
[#213°'13°123] 
#213134. §:P,,GJ.q!P.3. BCnv (6 Py) ἢ (-- ἐλ) = OCP [#2131213] 
#21814. +.D&Ps= PED (sPy) P(A). TP, =P f(s Py) F (τ ι.λ}.ὕ 
OP.= PE O4s*Py) [ (— eA) 
[*150-21-211-22] 
*213141, +. D°P,= Pf “(sect*P -- 'λ — SCP) 
[¥213°12-14] 


648 SERIES [PART V 


¥*213-142. ΕἸ Ρ Ὁ υ͵. 9. Ὁ, = ΕΓ (sect*P — (Δ) 
[#213°13-14] 
> 
*213-148. Ε: P,,eSer.3.d‘P,= PP “(sect*P -- ἐλ — BSP) 
[*213°131-14] 
> 
#213144. Ε: P,,eSer.q! BOP.3.0°P: =P ft “(sect*P — A - 1 BP) 
[421313214] 
--} 
*213-145. Ε:Ρ..ε οι. ΒΡ --ΔΛ.9.“}, = PE (ΒθοΡἘ — fA) 
[#213-143] 
*213'146. : PE J.D. Ph “sect*P = Pf (5600. — 1) 
Dem. 
Εν ΩΤ 2. DE. Po sect§P = P[“(sect*P —1) vu Ph (sect*‘P ἃ 1) (1) 
+ 20035 .Dh:Qe PE “(sect*‘Pal).>.Q=A. 


[%36°27 ] >.Q=PEA. 
(211-44) >.Qe PP “(sect*P — 1) (2) 
F.(1).(2). DF. Prop 


#21315. b+: P,,¢Ser.aesect'P—t'A.3:PhasA.s.ael 

Dem. 
t,*200°35.Dh:Hp.ael.D.Pha=A (1) 
b.#5241. DE. Hp.avel. Di (qa, y) yea uty? 


[%*211*1.%202°103] 2:(qa,yia(Ppofay.vey(Ppo faa: 
[*11°7] Dig! Poa: 
[37°41] J:qtanP,,“a: 
{¥211°131] I:qlan Pa: 
[%37°41 ] I:qtPha (2) 
F.(1).(2). 35. Prop 
*213-:151. +: P,,e Ser. 9. (ΡΒ. (sect*P -- i A)e lol 

Dem. 
Εν. 218.1ὅ.9 
ΕΣῊΗΡ..ἀεβθοῦΡ —t'A—1.Besect(P—UA.Pha=P[B.3.8-e1. 
[*211:133] >.CPEB=B8.CPha=a. 
[Hp] 5.α- (1) 
-.*213'15.3 
+: Hp.aesect*‘Pnl.Besect‘P—tA.Pfa=P[B.>.Bel (2) 
F.(2).%*21118.3:Hp(2).3 να, Bec BP. 
[*202°523'13] >.a=8 (3) 
F.(1).(3). DF: Hp. dia, Besect*P—iA.PLa=P[8.d.a=6:. 


2 Ε΄ Prop 
*213°152. Γ: P,, «Ser. 2. Pssmor (ς ΒΡ." (-- fA) [κ218:15118] 
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#213-153. bP, ,eSer.>.PseSer [#213°152 . #2123 . *2044-21] 

> =" 
*213:154. Ε: P,,eSer.3. BOP, = PHU BP [%#213°151:121 . %151:5] 


4213-155. t:P,,¢Ser.q! BP... BP =A 


Dem. 
F .*213°151122.%1515.>+:Hp.>. BYP, = PLB YP) 
[*200°35] =A:D+. Prop 


— — 
4213156, Ε: P,,eSer. BSP =A.D.BYP,=A ὀ [9184] 
*213:157. F:. P,,eSer. D: Et B°P.=.E! BYP, [213-155-156] 
4213158. Ε: Py ¢Ser.q!P.>. BP,=P 


Dem. 
Εν Ἀ918161184. 41515. Db: Hp. >. BYP, = PLO*P: D+. Prop 


#21316. +.D°P, = PL “(sect*P — eA) — uP 


Dem. 
F.*213'141.3 
F:QeD*P,.=.(qa).aesect(P—tA.Q=Pla.at COP (1) 
b.*2111.3:.aesect'P.Gd=Pha.D:4+0P.=.q!CP—-a. 
{*36°25. Transp] =.Q+P (2) 
F.(1)-(2). DF: Qe D‘P,.=.(qa)-aesect"P—iUA.Q=Pha.Q+P: 


2+. Prop 
=> 
*213:161. Ff: P,GJ.qiBP.3.PE“sect*P = Pt “(sect*P — uA) τ ΟΡ, 
Dem. 
7, => 
F.*21118.3':Hp.d.e“ BOP Csect‘Pal.giu‘BP. 


[*37°2-45] >. Ργ ΒΡ C Pi (sect*‘P -- Δ). π| Ph ΒΡ . 
(*200-35] 9. Ae PE (sect*P — (ΔΛ). 
[*36°27 | >. Pi Ae PE “(sect*P -- (ΔΛ). 
[37°22] >. Po sect*P = P[“(sect“P — κ(Λ) 
[%213°142] =(Ps:>+. Prop 
*213:162. +: P,,eSer.>.0°P, = P[“sect*P — μὰ 
Dem. 
Εν #213143. 3: Hp.3:QeCP,.=. 
(qa). wesect*P— Ai“ BP.Q=Pha . (1) 
(%213:'15.*211:18] >. Qe PE “sect*P ~ ἐελ (2) 


b.%218:15. DE:. Hp. 3: Qe Pf sect\P—e A.D. 
—> 
(γα). aesect*P— UA —tBP.Q=Pla. 
[(1}]} 9.ῳ 46, (8) 
F.(2).(3). Db. Prop 
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=> . 
#213163. +: P,,¢Ser. ΒΡ =A.3.C°P; = PU “sect*P — vA 


Dem. 
F.*213156.>+:Hp.d.C°P =A‘P; (1) 


F.(1).*213'162. 51. Prop 


> ᾿ 
#213164. +: P,,eSer. BP =A.9.D‘Ps= βῇ βου — fA — uP 
[*213°142-1 63°16] 


*21317. £:P,,eSer.3.Nr‘siPy = 14+Nr‘P,. 
Nr“(s‘Py)f (A's* Py) = NréPs 


Dem. 

b 4212171172. DkrylP.Dd. BSP, =A. Asi Py =sect’P—UA. 
(ΡΣ (— fA) = (sPy)[ (A's Px) (1) 

b.(1).*213:125. Db: Hp. Gq! P.d.d%s'Py nel (2) 

Εν #2123. 491602. D+: Hp. 3.s‘Py ¢ connex (3) 

b.(1).#213152. Dt: Hp. qi P.D.Nri(s'Py) [(A's'Py)=NriPs (ὦ) 

F . (1). (2). (8). *204-46 .D 

t:Hp.q!P.>.Nr'o(Py =14+Nr(s‘Py)b (A's‘Px) 

[(4)] =1+Nr‘P, (5) 

b .*21217.%15042.Db: PH=A.D.5°Py =A. P =A. 

[*161:201] D . Nr‘s‘Py = 14Nr'P,. Nr(s‘Py)f (A's*Py) = Nr'Ps (6) 


F. (4). (δ). (6). D+. Prop 


#213171. + :. P,,, Q,,¢Ser. 9 Pssmor Qs.=.s°Py smor ς κα 
Dem. 

F.*212172. 5+: Hp. gi P.qiQ.2:E! BstPy. E! BsQy: 

[%204:4:7 .%91°602.%212°3] 


D:s°Pysmor sQy.= - (6° Py) f (A's*Py) smor (ς᾽ (A's*Qs,) « 


ΠΠ| 1 


[κ218:17] . Pssmor Q; (1) 
F.*213158. DF: Hp.q!P.P;ssmorQ;.>.q1Qs- 

[4212-1 7.%150°49] >.4!Q (2) 
b.4%21217. DF: Hp.q!P.s'Pysmor sQy.d.q!Q (3) 


F.(1).(2).(8). DF: Hp. qiP.3:9Py smor s‘Qy. =. Ps smor Qs (4) 
Εν 212-17. D+:Hp.P=A.s'Pysmor5‘Qy.D.s'Py=A.sQy =A. 
[*150°42] D.P,=A.Q:=A (3) 
b.e21317. 2':Hp. PssmorQ;.3.s‘Pysmor s‘Qy (6) 
F.(5).(6). Dt: Hp.P=A.3:5'PysmorsQy.=. Ps smor Qs (7) 
Ε. (4). (7). DF. Prop 


#213172. F: P,,,Q,.¢Ser. PsmorQ.>.P;ssmorQs [%*212°72 . *213-171] 
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- 
*213-18. +: Peconnex. Re  Ρ,.. 9. πη} ΟΡ a p'POCR 
Dem. 
F.*2131. 3b: Re DP... 9. (qa).acsect'P—UCP.R=Pla, 


[*37°41 ] > .(qa).aesect*P —uOP.CORCa, 
«- «- 
[κ4016] >. (qa). ae 5600. -- ΟΡ. Ρέας p PCR α 
| a p (1) 
F.#211-703.5DF: Hp. aesect’P -- CP. 3. gt pi Pia (2) 
Εν Ἀ2111. DFraesect'P—iOP.3.q1CP—a. 
(*33°24) 9.}} (3) 


.--- 
F.(2).(3).%4069.3: Hp.aesect*P - ΚΡ. τ CP n pi Pa (4) 
F.(1).(4).> 
«- ς- «- 
ΕἸ: ΗΡ. Καὶ «Ἴ.}Ρ...3. (κα). ΟΡ Δ pi Pa. Ῥέας ΡΞ ΟΠ. DF. Prop 


Ἀ2182. +:P,,eSer.a,Resect*‘P—-UwA.Q=Pha.R=PE 8.9: 


D qif-a.=.qiR+Q.=.QCR.Q4+Rh.=.aCB.a+B8 
en. 

b.x8O24. DhiaCB.d.PLaGPLs (1) 
F. *#211:133. Dt:Hp.a, Brel. PhaGPEB.3.aCB (2) 
F.*211-181'182.>F:Hp.ael.Dd.a=eBP. 

[*202°521] >.aCp (3) 
b.x21315. Dk:Hp.Sel.avel.d.~(PLaG Pts) (4) 
+ .(2).(3). (4). DE:Hp.PLaGPtB.d.aCB (5) 
b.(1).(5).  DknHp.d:aC@.=.QGR: (6) 
[Transp] D:qla-A.2.q!Q-h (7) 
Εν (6). 4213151. 

ki Hp.dD:aCB.at8.=.QER.Q+KR (8) 


Ε΄ (7) + (8). 9101. #211:562. D+. Prop 


.Q,Re Ph (sect‘P—iA). gi RQ. 
.Q,RePE“(sect(P —cA).QER.Q+8 


¥213°21. +:.P,,eSer.3:QP;Rh. 


tt oe 


Dem. 
F.*21312.3F:.Hp.2: 
QP.R.=.(qa, 8).a Besect*(P—UA.Q=Pha.-R=PhB.q!:R+Q. 
=.(qa,8).a,Besect(P—UA.Q=Pha.R=PLB.QECR.Q+R (1) 
Εν (1).%37°6. D5. Prop 


4218-22. Ετ P,,¢Ser. qi BeP.D: 
OP.R.=.Q,Re Pl “sect P.gqtR + Q.=.Q,RePf sect P.QGCR.Q+R 
[#213-21-161] 


*213°23, :.P,,econnex.Q,ReCPs.I:QVECR.v.REQ 
(%213-1 .*211°6°17 . *36°24] 
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*213-24. F:8esect"P.R=PE B.d.sect*R=sect*P a ClCR 

Dem. 
F.*386°29. 3b: Hp.d:RGP: (1) 
[Κ21}1] D:aesect*‘PaACKOR.D.aCCR. ᾳζα. 


> .aesect'R (2) 
Ε- (1). Κ9111.9 


F:. Hp. 9: αεβοοῦ ἢ. 9. ας σὰ. ας ΟΡ. ΡῈ β)γαςα (3) 
Ε. (8). κβ7.41.418. 2 

Fk: Hp.aesect'R.D.aCB.8nP“(ans)Ca. 

[¥22-621.4372] D.B a Ph aa. Pa PXB, 


[%211-1] >.BaP ala. Pas. 
[*22°621} >. Pala (4) 
Εν. (39). (4).9 :- Ηρ.9:τὰ εβοοῦ δ. 9, α ΓΤ ΟΕ. αἐβοοΡ (5) 
F.(2).(5). DF. Prop 
213-241. Εἰ Re P[“sect‘P. 3. Rs € POR, 

Dem. 
F.*213'1.) 


F:. Hp. 3: QR.Q.=.(qa,a).a@,a εβε ἢ -- κἐΛ. 
Q=RKla.Q@=Rfho'.qta’-a. 
[*213°24] Ξε « (Πα, α΄). α, α' esect*P an ClCR tA, 
ῳ - εἴα. ( τ ἰξα .qia’—-a. 
[2181] >. OPQ (1) 
F.(1).#3317.5+':Hp.>. Rs ΡΟ ΟΕ, D+. Prop 
*213'242. +: P,,eSer. ReP[“sect'P.D. Rs = PCR; 
Dem. 
Εν 2181. #2111. D363. ΘΟ ΓΟ Κ᾿) 6΄.3: 
(Πα, α΄). α, α' esect"P—UA.Q=Pla.Q@=Pla.qta—a: 


Mi 


(Ay7) yy esectR-A.Q=Rhy. Y= Roy’ (1) 
F.*213'24151.)5 
K:. Hp. Ddsaesect'P. ye sect'R.Q=Pla=Rf[y.d.a=y¥ (2) 


F.(1)-@).3F:. Hp. 3: Q(Ps ORs) 6΄.3. 

(ayy) «9, ¥ esectR-A.Q=Rfy.QV=Rfy’ .qiy—-y-. 
[213-1]. QR,Q’ (3) 
Εν (3). #213241. 3+. Prop 
4213-243, +. PP = DP, 

Dem. 
Εν «231.56: Re PsP .=.(qa,8).4, Besect"P—iA. 


R=Pla.P=PEB.q!B—-a (1) 
t. «3741.2. ΟΡ R)CB (2) 
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F.(2). Dig iQ©P-B.d.qiCP- C(Pf£B). 


[*13-14] >.P+P[8 (3) 
Εν. (9). Transp. DF: Besect‘P.P=P[R.3.0°P=B8 (4) 
—_ 

Γ. (1).(4}).3 ΕἸ Re PP. =.(qa).aesect"P—UA.R=Pla.qiO'P~—a. 
[*211:1] =.(qa).aesect*P-—A-—1OP, R=Pha. 
[*213'141] =.ReD*Ps: DF. Prop 
*213-244. |: ReO'P;.QeD'R,.3.QPsR 

Den. 
bt. *213°2438. 3+: ReCOP,.3:QeDh,.D.QRR. 
[%*213°241] 2.QP;Rid-. Prop 
¥213'245. Fi. PjeSer.-3:QP;:R.=.ReOP,.Qe DR; 

Dem. 


F,*21311. >: Hp.o: 
OP.R.=.(qa, 8).a,Besectt"P—A.Q=Pla.R=P[B.aC8.atZ. 
[*213-24] =. (qa, 8). Besect*P-UA.R=PER.acsect*R-iA. 


aCS8.a+B.Q=Pfa. 
[*213°142.4211°133.%36'21 | 


=.(qa).ReCP,.aesect(R-tA.aCCR.at+ OR. Q=Rla. 
[x218-141]=.ReCP,.QeD'Rs:. +. Prop 


-} 
Κ218.246. Ε: P,,eSer. ReCP..D.PSR=D‘R, [κ918:245] 
Ἀ218.247. +. P,,¢Ser.3:Q(PstD‘P,) R.=.ReD'P;. QeD‘R, 
[*213-245] 


#21325. +:.P,,eSer.Q,ReCP,.3:QeD‘R,.v.ReDQ,.v.Q=R 
Dem. 
F.*213-153. 3+. Hp.d:QP,R.v. RPQ.v.Q=fh: 


[*213°245] 2:QeD‘Rh,.v.ReDQ:.v.Q=R: DE. Prop 
*213-251, Ε: P,,¢Ser.Q, Re C'P,.~(Q=A.R=A).9: 
QeCR,.v.Re Ds 
Dem. 
F.*213158. IF: Hp. qifh.Q@=h.Dd.Qe CR; (1) 
F.(1).#1312. DF: Hp.g!Q.Q=R.3.Qe CR, (2) 
F.(1).(2). DF: Hp.Q=h.D.Qe CR, (3) 
F.(3).%*213-25. 54. Prop 
*2133. +: P=A.3.Ps=A 
Dem. 


+. #21217. Db:Hp.d.s'Py=A. 
[*150°42] >.P,=A:DF. Prop 
*213'301. Fk: Ἢ 5600 Ἀ -- Δ -- (ΟΡ. 5. .ἩΨἘΡῚ [213141] 
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#213302. F:.P,.GJ.d:qI1P.=.qIPs 
Dem. 
b .*213126301.>D+:Hp.qtiP.d.q!P,; (1) 
F.(L).*213°3.5+. Prop 


#21331. F:aty.d.(e@lys=AJl (ely) 

Dem. 
F.*2119.9 
t:Hp.>d.sect(a]y)- UA sto v (levity). αὶίαν ἐν)τ--ιε. 
[#2131141] Def 2) Peaelelys{elyluevry)}. 

Diab y)s=e(al yf ue. 

[*200°35.455'15]2.A(e]y)s(aby). D(a] γ)εξε ἐλ (1) 
Ε.κ213:168.. ε90425. 9 Ε: Ηρ... (ὦ 4 y)¢Ser (2) 
F, (1). (2). #20427 .9 Ε΄ Prop 


421332, b:Pe2,.D.Ps=A YP. Pred, [#21331] 


#213°4. +:PeSer.>. 
Ρ sect*P =Q {(qR).P=Q4 R.v.(qz).P=Qa} 
Dem. 
b , *211°82.%5°32.> 
Fr:Hp.3:.QeP[‘sect‘P.=: 
QeD°PD (qk). P=QHRR.v.(qz).P=Qph2 (1) 


Εν 4211-283 .4160°5. ΕἸ Hp.P=QAR.D.QeDP} (2) 

Εν xl6L11.>+:Hp.P=Qpa.d.Q=PLOP (3) 

F.(2).(3). Dk. Hp: (qk). P=QRR.vV.(qz).P=Qperd. 
QeDPE (4) 


+. (1). (4). DF. Prop 


¥*213°41. br P eSer. q! B.D. 
OP.=Q (qk). P=QER.v. (qe). P=Qpa} [*213°4161] 


> 
«213-42. +:PeSer. BSP=A.). 
CP.=Q ((qR).P=Q2RR.v.(qz).P=Qpa}—A [*213-4-163] 


*213°5. +: P,,GJ.areOP.2.D(P+2)s= CPs 
Dem. 

F.*213°141 .*211°83.5 

F:Hp.qiP.>.D(P 2);=(P +2) [“(sect*P— iA) 


[*86°4.%1 61-1] = Pt (sect“P -- (Δ) 
[*213'142] = OP, (1) 
F.*213'3.41612.3F:P=A.3.D(Pp2);=A.CP=HA (2) 


F.(1).(2). D+. Prop 
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#21351. b:P, Cd .areCP.3.(P 2) =Ps(P 2) 
Dem. 
Εν. 2191. Κ211.89. ΞΕ Ηρ .1}Ρ.35:. 0 (Ρ-" ) Κ.Ξ: 
(qa, β).α, β esect*P— ἐλ vl(C'P u μα). 
αἰβ-α. φ-Ξ Ρ.Ρ )7α. ΞΡ.» }β. 
[*211°1.436°4] =: (Πα, 8). α,β εβθο ΔΛ. qt 8—a.Q=Pla.R=Phe.v. 
(1α).. αεϑοο}Ἐ - ἐλ ει Ρῇα. ΚΞ ρΡρ."»α: 
[Κ218'1142] ΟΡ. ν QeCP,.R=Ppe: 
[Κ161.11] =:Q(P; ῬῬΡ-" Καὶ (1) 
t.*213-3.41612.3h:P=A.3.(P2)=A.P, »(PpajaA (2) 
F.(1).(2). 35. Prop 


il 


#213'52. +:.Q,,econnex.C*PaCQ=A.D: 
(78). Ba CQ~rel. Be(OP v)(sect*Q—eA). S=(PHO)EB.=. 
(Wy). yesect*Y-hA-1.S=PROCy 
Dem. 
F.*87'6. Db: Be (CSP v)“(sect*Y— tA). S=(P£Q) β.Ξ. 
(ay)-yesect*Q—UA.8=C'Puy.S=(PAOL(CP vy) (a) 
F.*x16011. >i: Hp. vyesect*Q.3:.¢f(PEQL (CP uy y.=: 
aPy.veceOP.yey.v.a(Ofyy: 
[*211-:133.e160°11] Dr. yrel. 2. (ΡῈ ΟἿ (Co Puy=PEOD y (2) 
+. #2424. 3b:Hp.8=CiPuy.3.8BaCQ=yn CQ (3) 
F.(1).(2).(8).3 
Fr Hp.diBanCQrel. Be (CP v)“(sect*Q -- (ΔΛ). S=(PEQ)EB.=. 
(qy)-yesect*Q-UA~1.S=PROLy-B=Ci Puy (4) 
Εν (4). #10281. #1319. 3+. Prop 


421353, +: P,,GJ.Q,,eSer-BQ=A.CPaCQ=A.>. 
(P£Q)s = Ps£(P430s) 
Dem. 


Ε.2181. #211841. 9 Ε :: Hp.3:.R(PLQ)S.=: 
(qa, β). α, Pesect*P -- κλΔλὺ ((ἽΡ v)(sect*Q -- (4 ΛΔ). 
a! B—a.R=(PLOLa.S=(PLOLB: 
[4211182] =: (qa, 8).a,B esect*P—t'A vu (C*P v)“(sect*Q—1—tfA). 
q18—a.R=(PHOLa.S=(PHOEB: 
[*160°1.4213'52] 


=:(qa,8).a,8esect*P—U“A.q!8~a.R=Pla.S=PEB.v. 
(qa, y).aesect*P — tA .yesect*Q—UA.R=Pha.S=PHOly.v. 
(qy, δ). γ, desect*Q-A.qlé-y. R=PROCy.S=PHOES: 
[Κ2181.142]Ξ : RPS.v.Re OCP... SeCP43Q,.v.R(P£5Q;) δ: 
[x160 11] =: R{P,4(P#5Q;)} Si: DF. Prop 
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4213°531. t::Q,,¢Ser.q! BQ. OP aCQ=A.2:. 
(qP). Be (CP v)“(sect*Q—tfA).S=(PHO)EB.=: 
S= P+ BQ.v.(qy) «vy esect*Q— fA — eu BQ. S=PEQ Gy 
Dem. 
Ε. 215,82. 9 
ti: Hp. Ds. (4β}). Be (C8P ὑγροῦ -- fA). δ΄: (PHOS. =: 
(18). B «(01 v)*(sect*Q a1). S=(PHQ)EB-v. 
(qy)- yesect*Q—tA-1.S=PROQfy: 
[*211181]=:(q8).B=CP vt BQ).S=(PLOES.V. 
(ay). yesect*Y ~— A — BQ. S= PEOLY (1) 
+. x*16011 dts: Hp. ds.a (Ρ ΣΟΥ (ΟΡ ὺ ΚΒΟῊ y.=: 
ePy.viceOP.y=BQ: 
[Κ16111] =:0(P +> BQ)y (2) 
Ε.(1). (2). 34. Prop 


421354, big! P.P, GJ. Q, ¢Ser.q!BQ. Pn CQ=A.0Q,vel.d- 
(PEQ)s = Ps +> (P + BQVE[P #5 (Qs 14Qs)} 
Dem. 
+. #2131. #211841. 9 Ἐτι Hp. ds. R(PAQ)sS.=: 
(qa, 8).a, βὶ esect’P — iA ὺ (ΟἽ v)“(sect*Q—UA).qgiB—-a. 
R=(PAQLa-S=(PHOLB: 
[*213°531] 
=:(qa,8).a,Besect*P—iA.qiB—a.R=Pla.Q=PUB.v. 
(qa).aesect'P-UA.R=Pla.S=PHBQ.v. 
(qa,y).aesect*P— iA. R=Pla.Besect'Q—vA—1uBQ. 
S=PAQfy.v. 
(qy)-R=P-+ BQ. Besect*Q—A-—vBQ.S=PAQy.v. 
(ary, δ). γι desect*Q --ὰ -- κΒῳ. q@li-y.R=PLOQfY. 


S=P#QfSs: 
[4213°1°142-132] 


=:RP.S.v.ReCP,.S=P-p»BQ.v.R=P 4 BQ.SePR“AQ. 
v.B,Se(PRAQ,. R(PLIQ)S.v. Re OP, . Se PRA: 

(¥161-11.4211-133.%160-11] 

=: R(P. +> (Pp ΒΟ) (Ρ 40. α΄ 09) Si: Db. Prop 


SECTION 8] SECTIONAL RELATIONS 657 


-Ὁ 
#213541. Ε: P,,eSer.qi BP. d'P,e1.9.Pe2, 


Dem. 
Εν #213144. %211-26.5F:. Hp. : Pp“ (Gect*§P— fA — Ue ΒΙΡΈ μΡ: 
--Ὁ 

[Κ211’8:15] DicveMP.D.PEPaw=P. 
> 

[*202°55] 2. Pyfic= OP. 
.-- 

[*200'39] >. Pi fw. 

[*202°522°523] 2.a@= BP: 

[*204°271] 2: P,.¢2;: 

[*56°111.*%91'504] 9: Pe2,:. 3. Prop 


421355, biG! P.P,€J.Qe2,.0¢Pa0Q=A.d. 


P s=P, P Be P 
Dem. As in #21354, (PEO = Pe ty P to BQ) 9 (PEQ) 


Fis Hp.0:.R(P£Q)S. 
=:RP,S.v.ReCP,.S=PBQ.v. Re ΟΡ, ΒΈΡΆ Κα Ο,. 
ν R= PpBQ).SePE“1Q,.v. R Se PHA, . 
R(P#IQs) S: 
[¥21332]=: RP.S.v.ReOP,.S=PpBQ.v.ReCP,.S=PHRQ. 
v:-R=PpBQ.S=PFEQ.v.R=PHQ.S=PRQ. 
. R(P# Qs) 8: 
[¥213°32]=:RP,S.v. Re OP, .S=PpBQ.v.ReCP,.S=PHQ. 
γι R=PpBQ.S=PRQ: 
[Κ16111]Ξ : R{Ps > (P » BQ) bp (PEQ)} Su Ot. Prop 
3.218 56. Ft Poo EF « Qo e βου OP a= A.D: 
BEQ=A.2.(PHOs= PPP HQ): 
miP.q!BQ.Q~e2,.3. 
(P4Q)s = Ps +> (P > BQ) (PAI(QL0Q)} 
AIP. Qe%,.d.(P£Qs=P: (P+ ΒΟ) (PRO: 
P=A.d.(P£Qs=Qs  [#213°53-54-541°55 . ¥160°22] 
#213561. F:C°PnCQ=A.9.(PA)COQ, e191 


Dem. 
Ε. *x2131. DF: ReCQ..9.C0RCCOQ (1) 
F.(l). DF: Hp. BR SeOQs.32:OPaCOR=A.C¥PaCS=A: 
[*160°52] I: PRR=PFES.D.R=S8:.5+. Prop 


#21357. b:P,,GJ.NrQ=Nr'P+1.3.NrQ,= NrP, +i 
Dem. 
b .#181-2°12. (#181-01).> 
Ft: Hp.d.(q&,2).RsmorP.tr-eOR. Q=Rpz. 
(*213-51] D.(q#,2).RsmorP.tyeCR.Q;= Rs (R72). 
[4181-32] D.(qR). Rsmor P. Nr‘Q;=Nr‘R, +1. 
[*213-172] >. Nr“Q; =Nr‘P;+1:D+. Prop 
R&W II 42 
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#21358, +:P,,GJ.Q,,eSer.C*Pn0'Q=A.3.Nr(P4.Q);=Nr'P, + Nr‘Q, 
Dem. 
t .*213°53°561.> 
=> . . 
F:Hp.BQ=A.3.(PHQs =Ps*(P4Q;). ΝΡ £5Q, = Nr‘Q,. 
[*180°32} >.Nr(P£Q), = ΝΡ. + Nrgs (1) 
+ 4213-54561 .*181-32 . > 
_> oe 
t:Hp.q!P.qiBQ.aQ:+e1.3.Nr(PLQ)s=Nr'P, +14 NrQ.taQ; 
[*204°46.4%213'157] . =Nr‘P,+Nr‘Q; (2) 
+ . 2138-54155. ¥181°32. 9 
t:Hp.q!iP.dQ,e1 2. Qe2,.Nr(P£Q),=Nr'P, 4141. 


[κ18156] 9.6 ε52,.. ΝΡ. 0). =Nr'P, +2,. 
[{*213°32] a. Nr( PQ), = Nr‘P, + Nr*Q, (3) 
+, *160°22 .*218°3.3)h: P=A.>.Nr(PQ), = Ne“P, + NrQ, (4) 


r.(1).(2).(8). (4). DF. Prop 


*214. DEDEKINDIAN RELATIONS 
Summary of #214, | 


We call a relation “Dedekindian” when it is such that every class has 
either a maximum or a sequent with respect to it. Asa rule, the hypothesis 
that a relation is Dedekindian is only important in the case of serial relations, 
Dedekindian series have considerable importance, especially in connection 
with limits. 

When P is transitive, the hypothesis that P is Dedekindian is equivalent 
to the hypothesis that every section of P has a maximum or a sequent 
(421413); it is also equivalent to the assumption that every segment of P 
has a maximum or a sequent (#214131), ie. to the assumption that every 
segment of P which has no maximum has a limit, 1.6. to 


DOP. ALT) CA tp. 
When P is a series, the hypothesis that it is Dedekindian is equivalent 
to the hypothesis that every segment has a sequent (#21415), ze. to the 
-Ὁ 
hypothesis that the class of segments is the class P“‘C*P (Κ214151). If P 


is a Dedekindian series, so is P, and vice versa (*21414). Whenever P is 
connected and not null, s‘Py is a Dedekindian series (4214°32), and so is 
sgm‘P if it exists (#21434); whenever P is transitive and connected and not 
null, sP is a Dedekindian series (#21433). All these propositions have been 
virtually proved already: almost the only thing new in the present number is 
the definition, which is 
Ded = P {(a).a¢C*maxp u U'seqp} Df. 

Ἀ214.4. 48. give properties of series which have Dedekindian continuity. 
We have 
*2144. F:.P?=P.Peconnex.d: PeDed.=.CU*maxp=— CU‘seqp 
«21441. Ε:. PeSer.d:P=P.PeDed.=.U‘maxp=— U‘seqp 

i.e. in a series, Dedekindian continuity is equivalent to the assumption 
that the classes which have a maximum are the same as the classes which 
have no sequent. 
#21442, F:PeSern Ded. P?=P.aesect‘P. >. limaxp‘a=liminp(C*P—a) 

This proposition is important in dealing with Dedekind “cuts,” 
#21443, bi. PeSernDed.aesect*‘P.D: 

limax p‘a = liminp(C*P — a). v. maxp‘a P, minp"(C*P — a) 

*214°5 shows that a Dedekindian relation has a beginning and an end; 

the following propositions deal with P AJ when P is Dedekindian. 
42—2 
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*214°6 shows that a relation which is similar to a Dedekindian relation is 
Dedekindian. 

We call a relation “semi-Dedekindian” if it becomes Dedekindian by 
the addition of one term at the end; the definition is 


#21402. 


*214:01. 


#21402. 
#2141. 


#214101. 


«214-11. 


#21412. 


#21413. 


#214131. 
#214132. 


#21414. 


4.214.141͵ 


4214'1. 


#214151. 


*214°2. 
#21421. 
#214:22. 


214-23. 
Dem. 


semi Ded = P (sect*P — CP CU*maxpu βαρ) Df 


Ded =P (a). ae U‘maxp v (seq p} Df 
semi Ded =P (sect‘P — ΟἽ Ρ C U‘maxp v C‘seqp) Df 
k:PeDed.=.(a).a¢CU‘maxpuC‘seqp [(*21401)] 
t:PeDed.=.—(C‘maxp C U'seqp. =. — U'maxp C (‘lt p 
fa21401 . #24312 .*207712] 


t:PeDed.=.(a).a¢ U*maxpv (Πῦρ. =. (a). ae T‘limaxp 
[4214-1 . #2071444] 


F:.PeDed.=:aC CP. 3,.a¢U%maxp v C‘seqp 
[¥214-1 .*205°151 . *206°131] 


F:. Petrans.): Pe Ded. =.sect‘P C U‘maxp v (‘seqp 
[*211-272 . #2141] 


Ki. Petrans.d: PeDed.=.D(P.AL)CU‘seqp [#21147 .#214'1] 
ts. Petrans.3:PeDed.=.D‘P. C U‘maxp ν U‘seqp 
[*214°131 . 4211-42] 
i. PeSer.d:PeDed.s.PeDed [420657 . #2141] 
_ 
Fi. PeSer. 3: PeDed.=.(a).p*P*(an CP) ¢ T*maxp υ U‘seqp 
[*206°56 . #2141] 
Fi. PeSer. 3: PeDed.=. D‘P. C (βαρ; 
[¥206°36 .*214:1 .*211:11} 
--Ὁ 

ti. PeSer.2: PeDed.=.D°*P.= POP [*211°38 . #2141] 
+: Petrans n connex n Ded. 3.D‘P.C U'seqp [*211°371] 

> 
ΕἸ: Petrans n connex n Ded. 3. DSP. = PhC8P [211372] 

- 

F: Pe trans ὦ connex n Ded. 5. D(PeAD = PCCP — (P+ P)} 
[*211-46] 
Ft: Pe trans n connex n Ded .~E! maxp‘a. 2. 


seq p*a = maxp*(a v U*seqp’a). Et maxp*(a vu t’seqp‘a) 


F.#214101.3+:Hp.>.E!seqpa. 

[*206°47] >. seqp*a = maxp"(a v L’seqp‘a) . 
[14°21] >. El maxp(a vu t‘seqp‘a) 
F.(1).(2). 54. Prop 


μ! 


(1) 
(2) 
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> > 
#21424. b+:Peconnexn Ded.aesect‘P.>.seqp’a= minp(C*P -- αἢ 
[Κ211.721] 


v -Ὁ9 -9 
#214241, Ε: Peconnex. PeDed.aesect*‘P. >. maxp‘a = precp(C*P — a) 
| w214-24 5. 2117] 
P 
*2143, bFisa Bex. I,g:aCB.v. Cai. 
κοοςεῖ ρ-πᾶβ(,βεκ. ας β.αἘβ}:.2:. 


ACK.D,. 8AE KE D.Qe Sern Ded 
[4210°12-253] 


*21431. Ε -. Hp#2143:ACK.2,.prnsieexi Dd. Qe Sera Ded 
[4210°12-254] 

#21432. +: Peconnex.q!P.3.5‘PzeSern Ded [*212°3'35] 

*21433. [+:Petransnconnex.q!P.d.s*PeSern Ded  [*212°31:44] 

¥*21434. F:Peconnex.qisgm‘P.2.sgm*PeSern Ded [*212'3°54] 

"2144, bs. P?=P.Peconnex.3:PeDed.=.CU‘maxp=— U‘seqp 
[211-53] 

*214-41. F:.PeSer.3:P=P.PeDed.=.U‘maxp =— CU‘seqp 
[211552] 

#21442. +: PeSern Ded. P?=P.aesect*P.D. limaxp‘a=liminp'(O*P —a) 

Dem. 
F.#211'721. DF: Hp.d: seqpfa= minp(O*P — a): 


[*214°101} D:~EH! maxp‘a. 9. Itp’a= minp(C*P — a) (1) 
F.*211726. Db: Hp. HE! maxp‘a.>. maxp‘a = precp(C*P —a) (2) 
Εν Κ214.14.4]. 9} : Hp. E! precp(C*P —a).3.~+E! maxp(C*P —a). 

[*207°12] >. precp'(C*P —a)=tlp(C*P—a) (8) 
F.(2).(3). DF: Hp.E! maxpfa. 3. maxp‘a = tlp(C*P — a) (4) 


Ε. (1). (4). #20746 .3 
Ε- ῊΡ..9 - limaxp‘a = τηἱη (ΟἿ -- αὐον . limaxp‘a = tlp“(C*P -- a): 
[*207-46]D : limaxp‘a = πη" (ΟἿΡ -- αὐ τ. D+. Prop 
#21443, b:.PeSernm Ded. aesect*P.o: 
limaxp‘a = limin p“(C“P — a). v « maxp‘a P, minp*(C*P — a) 


Dem. 
F.x21411. Db: Hp. d:~E! maxp‘a. >. limaxp‘a =seqp‘a 
(*211°715] =minp(C’P—a) (1) 


F .%*211:726. D+: ἘΠῚ maxp‘a.~E! minp(C*P -- αὐ. 2. 
limaxp‘a =tlp((C“P—a) (2) 
Ε. (1). (2). Κ207.46. Di, Ηρ τῷ Et maxp‘a.v. EH! minp(C*P—a)id. 
limaxp‘a = liminp*(O*‘P—a) (8) 
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Ε. 211-726.) +: Hp. E! maxp‘a. E! minp(C*P—a). 2. 
E! maxp‘a. El seqp‘a . seqp’a = minp“(C“P — a). 
[*206°5] >. maxp‘a P, minp(C*P— a) (4) 
F.(8).(4). 3+. Prop 
The following propositions are no longer mere restatements of previous 
results, 


- -Ὸ -Ὁ - ὦ = 
κ21456. b:PeDed.>.q!1 BOP. gq! BP. ΒΡ =seqp'A. BSP -τοαχ ΒΡ 
Dem. 
-Ὁ 
F.*205°16] .*214101.3+:Hp.d. qi seqpA. 


3 -ὉὮ ~ 
[*206°14] D.q! BOP. BSP =seqgpSA (1) 
- 
+.*206182. Dk.seqp'C‘P=A (2) 
—_ 
Ε. (2). "2141.3: Hp.d.q! maxpO%P. 
—~yv vy - 
[95.117] >.q! BSP. ΒΡ =wmaxpC'P (3) 


F.(1).(38). 35. Prop 
#21451. Ε:. Pe Ded. Dd:~(¢P2x).v.26¢D( P+ FP") 
Dem. 
- > 

Ε.Κ2141.9 1. Hp. 3d: qt maxpt'e.v.q lseqp't'x: 

> <-— 
[*53°301.%20642] DIiqtea—-Pe.v.qiP + P¥a: 
[#51-31.%33°4] Din (aPa).v.ceD(P + P)i. D+. Prop 
*21452. F:PeDed.PCP?.2.PGJ [#21451] 
#21453. +:PeDed.>.D‘P=D(P AJ) 


Dem. 
F.*21451.3+:Hp.aPa.d.26eD(P + P). 
[¥*33°13] >.(qy).2Py.a2 + Py. 
[*34°54, Transp] 9. (2) aPy vey (1) 
F.(1).#13°195.3+:. Hp. D:(qy).aPy.D.(qy).aPy.c+y: 
[*33°13] 2:DSPCD(PaJ): 
[*33'25] 2:D‘P=D(PaAJ):. D+. Prop 
#214531. ΕΣ: PeDed.>.C*P=C"(P AJ) 

Dem. 

-ῷ 

F. #9312. 9 Ὲ τις ΒΡ. Diese DP: (qy).yPa: 
{*13°14] Di(qy). yPa.a+y: 
[*33°13] DixeA(Pal (1) 
Εν (1) .*21453.3t:Hp.>.D‘Pu BPC OXP Ad). 
[5982] 5. ΟΡ. ΟΡ AT), 
[κ88.2}9] 5. ΟἿ =0¢P δ). Εν Prop 
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#214532, Ε: Pe Ded. 3. ΤΡ ΞΟ(Ρ AJ) 


Dem. 
- ~ - 
+.*8454. Dk: Piw=t@. Dd. Pa=P“P%e. 
—> 
[*205°123}] D>. maxpt'sz=A (1) 


-- 
t.*206°184.9h: πα... 
> = > > «- 
Β04Ρίω τ- (ἸΡ α ὃ {ial Py. Ply C — pi Pen} 


>" => ς- 
[*53°301-01] = OP af {ea Pry. Pry C— Pea} 

2 -Ἅ 
[Hp] =CP a@ {tifa Ply. Pry C—e%a} 
[451-161] =A Ὁ) 

> > -Ά > > 
Ε.(4ὺ.(). Dk: Pfe=tfa. 3. maxp’P a =A.seqp’Pa=A (3) 
-Ὁ 
Ε. (8). Transp. ':. Ηρ. 9 (ὦ). Peas fa: 
=> => 

[*51°'401. Transp | Ii(@:qiPa.d.q!Pae—Ua: 
[33-41 } Dive TP. Dd.26A(Pad) (4) 


F.(4).*33'251.9+. Prop 
#21454. b:PeDed.d.PAJe Ded 


Dem. 
- 
F.#205°111-195.5+.maxpfaCanC(PaAJd)— Pa 
[*37°201] ς an C(PAS)-(PAT)“a 
[*205°111] Cmax(PAJ) ‘a. 
= - 

[*24°59 | 2 ΕἸ !max(PAJS)a.3 0g f maxpa (1) 

- - 
Ε.(1). 2141. DF: Hp.wqimax(PAJ)‘a.3.q ! seqpa (2) 


F.*206°2°17.5 
Frwseqpa.=ryeanC*P.d,.yPe.y+urxeCP: 
φῶ. Dy. (GZ). zea.rv(2Py): 
[4214531] =:yeanO(PAd).Ddy.y(PAd aizeO(PAd): 
yPa. Dy. (2). zea.~(2Py): 
[*23°43.43'14] Di yeanO(PaJ).3,.y(PAJ) a:aeO(Pad): 
y(PAJ)@.3,.(qz).zea.nfz(PAJ)y}: 
[420617]  D:raseq(PAJ)a (3) 
b. (2). (3).Dk: Hp.wq!max(PAJ)a.Dd.q!seq(PAd)\a (4) 
b .(4).42141. 34. Prop 
#2146. +:PeDed.PsmorQ.>.QeDed 
Dem. 
Ε. *207°65 .#21411.5 
b:PeDed. SePamorQ.>.(a). SaeClimaxg. 
[*71°481] >. CASS C Climaxg. 
[Κ15111...21419] >. QeDed: 3+. Prop 
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> > 
"2147. ΚΕ: Pesemi Ded. =:aesect*‘P.atC'P.D,.q 1 (maxp‘a υ seqp‘a) 
[(#214-02)] 
4214.71, +. DedCsemiDed [x2141°7] 
> v 
*214¢-72. F:.Petrans.d: PeDed.=.Pesemi Ded.q! BYP 
[*214°7°13 . *205°121] 
4214-73, b.semiDed—uA COB [*206-14. 4211-44. #2147] 


The proof of the following proposition is given in a somewhat compressed 
form, since, if given with the usual fullness, it would require various lemmas 
not required elsewhere. 


-_ 
#214-74. +: PeSern semi Ded. >. P[ Py‘x esemi Ded 
Dem. 


-- > 
fF .*x2147.9F:AHp.aesect*P.at OP. 2.9! (maxp*a v seqp‘a) (1) 
F.*205°261.) 


«- -» «- - «- 
F: Hp(1). Pyfare l. wea. 2 «τοὰχ (Ρ᾿ Pyfa)fa= maxp(an Pye) 
- 


(*205°262] = maxp*a (2) 
«-- 
Ε.Ἀ211.15:.56.32} : Hp(2).9.0C°P—-aC Γκίω (3) 
«- > > & 

F.(3).#211-715.9+: Hp(2).Q= PE Pye. 2. seqp'a= minp( χα — a) 

> 
[#205261] = ming‘(— a) 

- «- 
[*211°715.%206-25] =seqo(an Py) (4) 
F.(2).(4).D 

> - «-: - «-: 

Ε: Ηρ(4). 3. maxp‘a υ seqp’a = maxg‘(an 0 Px x) seqg‘(an Pia) ο (5) 


F.(1).(5). D+: Hp.aesect"P. a+ OP. ‘Pytowel. mea. Q= PUP ye. 2. 
a! {m nang dan Pf 2) useqgi(an Py! x)} (6) 
--Ὁ 
F.*211-715.5+:Hp. Pyfawel. a=P*e, >. seqata = ming! Pte 
- 


«-- 
[*205°261] ᾿ Ξε min (ΡΌῬα 2) Py 6x 
> ς- 
[*206°14] =seq (PE Pyfa)yfA (7) 
«- - «-:- 
F.(7).*206401. 5h: Hp. Pyfarel. >. qtseq (ΡῚ ΡΛ (8) 


«- = 
F.(6).(8). DF: Hp. Pyfarel. Q= PE Pyfa. od: 
> > 
Besect*Q — CQ . Dg. WE (maxg’f v seqo’f): 


[214-7] >: Qesemi Ded (9) 
«-- 
b. #2147, #20035. Db: Hp. Pyfwe 1. >. PE Py‘eesemi Ded (10) 


Ε.(9).(10). Db. Prop 


*214-75. +:PesemiDed.PsmorQ.>.Qesemi Ded 
[42058 »#206°61 . %212°7] 


*215. STRETCHES 
Summary of *215. 


A stretch of a series is any piece taken out of it, and not having any gaps; 
that is, it is a class contained in the series, and containing all terms which 
come between any two of its terms, Thus it is defined as 


a(a COP. Pan Ῥέέᾳς αν). 
We denote the class of stretches by “str*P,” where “str” stands for “stretch” 
or “Strecke.” A stretch which has no predecessors is a section of P; one 


4“ 
which has no successors is a section of P. The properties of stretches are 
chiefly important in connection with compact series. In discrete series, 
stretches are the same as intervals. 


If P is transitive, stretches of P are the products of sections of P and 
sections of P, ὁ.6. of upper and lower sections of P (*215°16). If P is 


connected, and a is a lower section, 8 an upper section, then if the two have 
a stretch an 8 in common, we have 


a=P(an B)u(ang).8=P“(anB)u(an) (#215161). 
A slightly more general form of this proposition is 
*215°165. |: P,, econnex.aesect’‘P. Be sect‘P . qiang.). 
a= Py (an B).«8= Py “(an B). Pa=P,,'(an 8B). PKB =P, “(an β) 
A specially important case is when a and @ have just one term in common. 


In this case we have 


*215:166. F:P,,¢Ser.aesect*P. Besect*P sanel.d. 
an §=t*maxp’a= ti minp’8 

When an has more than one term, if the upper limit or maximum of ἃ 
and the lower limit or minimum of § both exist, the latter precedes the former 
(*215°52); if a and 8 have no common part, but together exhaust the field 
of P, we have either limaxp‘a=liminp‘§ or limaxp‘aP, liminp‘8, assuming 
E!limaxp‘a. Et liminp’8 (%*215°54). Hence if limaxp‘a has no immediate 
successor, it must be identical with liminp‘8. Thus we have 


#215543. Ε: PeSer.aesect’P Besect'P, avB=CP.anBeOvl. 
E! limaxp‘*a . limaxpfawe D‘P,. 5. limaxp‘a = liminp’8 


The above propositions will be useful in Section C (#231 and *233). 


4216-01, str’P=A(aCC'P. Pan P*aCa) Df 
#2161. Fr:aestr*P.=.aCCP. Plan PYaCa {(*215°01)] 
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421611, + .str’P =stréP [(#215-01) . #83'22] 
4216-13, Ε΄ 560 06Ρ Cstr'P. sect(P Cstr'P  [¥215-1. x211-1] 
#21514. F:aesect*P. Be sect’ P -J.anfestr’P 

Dem. 
b.a2111. Db: Hp.d.a COP, Pata. PBC. 
[42243.43721] Dian @CO'P. Pan B)Ca-P"(an8)CB. 
[422-49] Dan BCOP. Pan B)n Plan B)CanZ. 
[*215°1] D.anestr’P: D+. Prop 
#21515. F:Petrans.aestr‘P.d.avu Paesect’P.av Pae sect*P. 


a=(auPWa)a(av Pa) 
Dem. 


b.¥211-27 4215-1. +: Hp. d.avu Ptacsect(P.au P*aesect{P (1) 
Ε.Ἀ9181. #2262. Dt:Hp.d.a=au (Pian Pa) 
[*22'69] = (αν βία) (av Ῥέα) (2) 
F.(1).(2). 554. Prop 
*215-:16. +:Petrans.>.str‘P=% {(qa,8).aesect*P.Be sect'P . y=an β[, 
= s"{(sect‘P) a geet! P} 
[HL 51415 . 440-7] 
*215°161. +: Peconnex.aesect’P. Ge sect*P -Gqlan8.d. 
a= P(an B)y(anB). B=P“(a n B)v(an B) 


Dem. 
F.*211'1.4%372.5+:Hp.d.PanB)yu(an ByCa (1) 
F.%*211°702. DF:Hp.cea—-B.disyeB.d.xPy: 
[*37°1] I:qi(anB).d.c2eP(anB) (2) 
F.(2). It:Hp.vea.d.aeP"(anB)v(anB) (3) 
H.(1)-(8). DF: Hp.d.a= PM(an B)u(an 8) (4) 
εν). +:Hp.d. = P(an B)u(anB) (5) 


Ε.(4).. (5). DF. Prop 
*215°162. ΓΕ: Pe trans n connex.aesect'P. Be ΒΡ. qiang.2. 
Pa = P"(an Q). Pug = P*(a n B) 


Dem. 
F.*215161.>+:Hp.d. Pa= PP (an B)u P(an 8) 
[*201°5] = P“(an β) (1) 
Similarly +: Hp.d. P“B=P*(anB) (2) 


F.(1).(2). D+. Prop 
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*215°163. ΕἼ: Petrans n connex.aesect’P. Be sect*P -Hlang.d. 


< «- 
Dem p'PAa= p'P«(a nm 8) 


«- «- 
F. 4016. DF. pi Ρέας». Ρ'(ῷ(α ὦ Bp) 4) 
Ε.Ἀ]0 6. 871... τ Hpryean@.dy.yParzeP (an B):D.2Px (2) 
F.(2). Κ215161. Dts. Hpi yeanB.dy.yPaid:2ea.3,.2Pa (3) 
F.(1).(38). 5+. Prop 
-» -} - - 
Ἀ215.164. | : Ηρ *215°162.5>.minp‘8=minp(an 8). τηᾶχρ'α Ξε maxp(an β). 
- - — - 
seq pa ΞΞ βδαρ'(α ἃ @) . ῥτθορ"β = ργϑορίαι β). 
-- = - 


Itp‘a --Ἰῦρ(α n 8). limaxp"a = limaxp“(an β) 


Dem. 

ΝΙΝ 

F.*215°162. DF:Hp.3. maxpa=a— P(an B) 

f[#215°161] =an B— P“(an B) 

- 

[*205°111] = maxp*(an β) (1) 
> - 

Similarly Fk: Hp... minp’8 = minp“(an 8) (2) 
- - 

F.*215°163 . κΚ20613., 9 ᾿:ΉΡ. 9. β6αρ»(α =seqp(an β) (3) 
- -- 

Similarly Fb: Hp. 9. precp‘8 = precp*(an 8) (4) 

> — 

Ε. (1). ().#20711'12. +: Hp. 2. Itp‘a = Itp(a ὦ 8) (5) 
=> -- 

Ε, (4). (δ). #20745, Ε:ΉΡρ. 9. limaxp‘a= Ἰχμᾶχ ρα n β) (6) 


Ε. (1). (2). (8). (86). (δ). (6).9.Ὁ. Prop 

*215°165. Ε: Py. €connex . aesect’P. Besect*P. aq! tan B. J. 
a=Py"(an 8). B= Pyf(an 8). P a= Py “(an 8). PUg=P po (0. 8) 
Dem. 

F.*21117.5+:Hp.d. ae sect Pe « Besect*P,, mians. 


[¥215°161] D.a=P,yf(an 8). B= Py(a nf). (1) 
[κ91: 82] >. Ρέας. Pan 8). P&B = P,,“(an β) (2) 
F.(1).(2).DF. Prop 


*215-166. F: P,,eSer.aesect*P. Be sect‘P. an Bel... 
an β =t*maxp‘a = t‘minp*B 


Dem. 
b, ¥215°161.*211:17.>3+:Hp.d.a=(an β)υ Pig“(an B). 
[*215°165}] 2. a Pa = (a n B)— P “(an 8). 
f*205°11] >. maxp‘a = max (. 9) (α ἡ 8) 
[*205°17] _, 728 (1) 
Similarly t:Hp.>.minpBP=an8 (2) 


F.(1).(2)-D5. Prop 
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*215°17. 


Dem. 


#215°18. 


Dem. 


#21519. 


Dem. 


#2152. 


Dem. 


SERIES 


+: Petrans.). PX q a P§Bestr'P 


Ε. x21115:11.3+:Hp.d. P“Besect*P. Pa sect !P 
F.(1).*21514. 34. Prop 


b.P(a@rey), Par y), Play), P(e—y)estr’'P 


> <— v 
F.*21113°3.9F. Pytyesect*P. Py'axesect’P 


=> «-- w 
F.#21116. OF. Pty esect’P. P, ‘x esect*“P 
Εν (4). (2). κ21814.2 Ε΄. Prop 


Ε: ΡΟ ae COP. 5. tive str6P 


Na - «- 
b.*53301. OF. Pifan Ῥόίῳᾳ -- Plan Px 


Ε- (1) .#5043. 3h: Hp.d. Pitan PHra=a 
F.(2).%2151.55F. Prop 


{PART V 


(1) 


(1) 
(2) 


(1) 
(2) 


- —~ 
Fk: Peconnex.aestr§’P.cea. >. Pa=a—maxp'av Pz. 


~ -» Ss 
Pa@=a—minpfav Βα 


- 
Ε. Ἐ205111. 9 Ε.α -- τᾶχρία C Ρέίᾳ 
- 
Ε. 8718, DF: Hp.d. PC Pa 
-- => 
F.(1).(2). DF: Hp.d.a—maxpfau Pia Pa 
> <— 
F.*202103. 5+: Hp.yeP a. diyePaviicu Pe: 


[87-181] 


[*4°73] 
[*215°1] 
[Hp] 


—> 4“ 
Dye Pauia.viye PCa: 
DiyePavife.v.ye Phan Pas 
- 
ιψερΡβωυνμωνα:ι 


-} 
JiyePava 


> 
F.*205111.5+ ye Pa. d.yre maxp'a 
> - 
Ε.(4).(ὅ). DF: Hp.ye Pa.d. yea—maxpiav Pe 
> > 
F.(3).(6). Dt: Hp.d. P“a=a— maxpfav Pe 


Similarly 


¥ 7? «- 
F:Hp.3,P“a=a—minpav Pfr 


F .(7).(8). D+. Prop 


*215°21. 


Dem. 


F: Peconnex.a,SestrP.qian8.d.an Bestr'P 


(1) 
(2) 
(3) 


(4) 
(5) 
(6) 
(7) 
(8) 


- - 
b.*215-2.5+:Hp.d.(qe).ceanB. Ραζαυ Pa. PYBCRy Pe. 
Pq Cau Pia. P“BC Bu Pa. 
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[422°68] >. (qa). weanh. Plan P“BC(anB)v Pa. 

Brean Peg C(anB)y Ῥω. 
[437-21] >. (Πα). ceang. P¥(ang)C(an By Ῥω Pan B)C(an su Pre. 
[*22°69] 9. (qa). vean®g, P*(an B)n Pan β)ξί(α  β)υ (Pex n Pen) (1) 
b.*8718.Dhizean8.o. Pie Pitan Peg. Ῥως Pan Peg. 


[*22°49 ] >. Pa n Pex C Pht a PKan P'Bn P«g (2) 
Εν. (2).#2151.>h: Hp. DizeanB.d- Pian PieCanB (3) 
F.(1).(3). Di Hp.d.(qa).reanB.P“(anB)n Pan B)CanB, 
[*215'1] D.anfestr’P: D+. Prop 
*215:22. F:a,Sestr®’P.D.an§8 estr’P 

Dem. 
Ε. 42151. Db: Hp.d.aCO'P. BCOP. Pan Pa Ca. P“Bn P“RCB. 
[*22-47-49] D.anBCOP. Plan PHB n Pan P“BCanZ. 
[437-21] Dian BCOP. Pan Bn Pan p)Cang. 
[*215°1] D-anPestr6P: DF. Prop 


#21523. +: Peconnex.wCstr'P.q!ip'u.d.swestr*P 
Dem. 


> » «- 
F.#*2152.3D+:. Ηρ. .Φερίμ.ιαεμ.3.. ῬΑζαυ Pa.P“aCau Pa: 


> v ς- 
[4018] ϑιαεμ. 2. PaCsuu Pe. Ρέας Pe: 
> ὦ «- 
[*40°43°38] 3: P& su C sfuu Pa. PM stuCswu Par: 
ω > ε- 

[κ22.4069] D: P stun Pé§s'u  βμυ (βίῳ a Pe) (1) 
F.x4014. 5°: Hp.cepw.aepw.d.cea.aestr’P. 

> & υ 
[*37°18} >. Pen PaO Pan Pha.aesir'P. 

> & 
[*215°1] >.Peaan PCa. 

> & 
[κ40:18] 9. ἢίσα Ῥίως s*p (2) 
F.(1).(2). DF: Hp.gqip.d. Pi stpn Psu sip (3) 
Εν #8729. ΕΣ: μι λ.3, Pestun Ῥέεμ sty (4) 


Ε. (8). (4).2 ΕῸ Prop 
*215-:24. Ε:μζπυ. 2. ΟΡ α ρμέμ εϑγ 
Dem. 
Εν *37°265.9+.P (pin OP) a P(pien CP) = Ppp n Pip pn (1) 
b.4872. Dksaew. Dd. P pipn Ppl Pan Pia (2) 
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b.(2).42151. 3b. Hp. Diaep. Dd. Ppp a Pp Ca: 
[40°15] 5: Ppt n Ppp C pp (3) 
Ε.(1). (8). #2151. 95. Prop 


K21525. FipCstr’'P.qip.d.p με 


Dem. 
+, *40°24.%2151.5F:Hp.d.pipCCeP (1) 


F.(1).*215:24. 54. Prop 


#2153. Ε΄ Peconnex.a, BPestr*P—tSA.anB=A.o: 


- ς- v 
aC P"8.=.aCp’P"2.=.BCpPa. =. BCP a 
Dem. 
Εν 3.218. Ὲ :ΗρΡ.9. ας 60} -β (1) 


Εν #2248 ΞΕ: ΑΓ P"B.D.an PHBCOP“B nm PHB: 
[2151] Dt:Hp.aC P“B.d.an P“BCB. 


[#22°621.Hp] Dian PMRaa (2) 
b.(1).(2).Dk:Hp.aCP"8.3.aCOP—B— Pg. 

[#202'501] >. aCpP"g (3) 
Εν 4061. DF. Ηρ. αι .β.2. ας P*B (4) 
t .(8).(4). Dk Hp. Dia P“8.=.aCp Peg, (5) 
[*40°67] =.8 Cp P a . (6) 
Cc Ἢ =. BC Ρίᾳ (7) 


Ε.(8}).. (6). (7). 2+. Prop 


*215'31. F: Petransnconnex.aestr‘P. ἘΣ! ταὶ πρία.. E! maxp‘a.). 


a= P (minp‘a H maxp‘a) 


Dem. 
F.%*205°2 . *90'15°151.3+:Hp.yea.d. τρία Pyy (1) 
Ε.( 5+ #205102. DF: Hp.yea.Dd.yPy maxpa (2) 
F.(1).(2). #121103. DF: Hp.3.aC P(minp‘a H maxp‘a) (3) 


F . #121°242 . #20119 .*2052.59:Hp.d. 

P (minp‘a H maxp‘a) = {ταϊπρία vu (Pémin p'a ra P'maxp‘a) v imax pa 
[*37'18] Ce‘minp‘ay (Pea n Pa) vu ifmaxp’a 
[*205°11-111.*215°1} Ca (4) 
F.(3).(4). 4. Prop 
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*215°32. +: Petransnconnex.aestr‘P. Ei minp‘a. E! seqp'a.d. 
a= P(minp‘a - seqp‘a) 


Dem. ε. , 
F.*206:211.*2052.3+:Hp.d.aC Ῥχταϊῃρία a P*seq p*a (1) 
Εν #20622 . *205°22. 2: Hp. Peminp a n P'seqp‘a= Ῥίᾳ n(av Pa) 
[*215-1] Ca. 

[%201°19.%1 21-241] 9. P(minp‘a + seqp'a) Ca (2) 
b.(1).(2). D+. Prop 


*215°33. +: Petransn connex,aestr'P. E! precp’a. E!seqgp’a.D. 
a=P(precp’a—seqp‘a) [20622 .%215°1} 
#2154. +: Peconnex.weClexel(str6'P —t'A).9.Pafu=Pel μ 
Dem. 


b.48412. 3b: Hp.d:aBep.atB.d.anB=A: (1) 
[1701] Dia(Pulp)B.=.48eu.qia—P“p. 

{*215°3. Transp] =.a48en-qiB—-P a. 
[(1).#170°102] =.a,8em.aP, pi. +. Prop 


*215°41. +: Petransnmconnex. we Clexcl(str‘P—t‘A).9. Pf weSer 
Dem. 

b k8412. 4170102. Db: Hp. 2 τα(Ρμῖ μ)β.Ξ.51β-- PMa (1) 

Εν 2153.) 

t:Hp.a, BepeaCP“8.8C Pad. aC PHB.a PHB, 


[*215°1] 2. αζβ (2) 
Similarly Fk: Hp(2).9.8Ca (3) 
t.(2).(8). Fi: Hp.a, Bep.dr.aCP*B.BCP"a.d.a=6B:. 
[Transp.(1)] Dat 8-D:a(Pelw)B-v-B(Pelua (4) 
F.x871.9 

br Hp.Bay=A.n(y CO PKB). D2. (qz)izeyiyeR.dy-r(2Py).2Fys 
[*202°103] D:.(qz)izey:yeR.dysyPer. 

[*11°61] Di. yeh. dy .«(q2).zey.yPer 

[x37°1] βίο Py: 

[201 5.4372] Dn yO Pa. Dd. BCP a: 

[Transp] IugqG!B—Pa.d.qly— Pig (5) 
Ε. (δ). (1).3 τ. Hp. 9: (ΡΡ  μ)β. "B(Pab u)- D.a(Pil ew) y (8) 


Ε. (4). (6). 170 17. 2 Ε΄ Prop 
#21542. +: Petransnconnex. με ΟἸ] 6χο (801. -- ΔΛ). μοῦ ε]..2. ΟΡ, ἢ μϑεμ 
[*202°55 . *215°41] 


9155. &:. Petransanconnex.aesect’P.Sesect*P.3: 
qian 8.limaxp'a=liminp’'8.d.anB8el [*207°71 .*215°164] 
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*215°51. ΕἸ PeSer.acsect'P.8 esect*P.anBel.D. 
limaxp‘a = liminp‘8 = «(aa β) [*207°72 . #215164] 
*215'52. b:Hp#*2155.an8~e0vul. Et limaxp‘a. Hi liminp’8.3. 


liminp‘8 P limaxp‘a 


Dem. 
F.*215°164. 5+: Ηρ. 9 : limaxp‘a= max p(an β).ν. imaxp‘a=seqp‘(a ἡ 8): 
hminp‘8 = minp(an @).v.liminp‘’@ = precp{(an β) (1) 
+ .*205°732. D+: Hp. limaxp‘a = maxp(an 8). liminp’8 = minp(an 8).9. 


liminp‘8 P limaxp*a (2) 

F.*20615. IF: Hp. lmaxp‘a=seqp(an 8). liminp‘8 = minp(an β). 9. 
liminp‘8 P limax p‘a (3) 
F . (3) 5 ee. >: Hp. limaxp‘a= maxp"(an 8). liminp‘8 = precp"(an β).32. 
liminp*8 P limax pa (4) 

Εν. «20673. DF: Hp. limaxp‘a=seqp‘(an 8). liminp‘@ = precp'(an 8). 9. 
liminp*8 P limax p‘a (5) 


Ε.(1). (2). (3). (4). (5). DF. Prop 
*215°53. ΕΞ Hp*2155.an8=A.E!limaxp‘a. E!liminp'8.). 


limaxp‘a Py liminp*8 
Dem. 

= . «-: . . ad 
+. *207'2 .*205°22.5+:Hp.d. P‘limaxp'a C Pa. Pfliminp’8 C P“B. 

= «- 
[2111] >. Plimaxp‘a C Pa. Pliminp‘8 C B (1) 
F.(1).*871.95F: Hp. liminp’§ P limaxp‘a. 3. (qa). vea.liminp’8 Pe. 
[(2)] 2-qtang (2) 
F.(2). Transp .3F. Prop 


#21554. t: PeSer.aesect’P. Besect‘P.anB=A.avu B=CP, 
Et hmaxp‘a. E! liminp’f . 3: limaxp‘a = hminp‘8.v. 


imax p*a P, liminp‘@ 


Dem. 
t.*211:726.5)+:Hp. BK! maxp'a. HE! minp§8.3. 
limaxp‘a = maxp‘a « liminp*8 = seqp‘a . 
[*206°5 ] > . limaxp‘a P, liminp‘8 (1) 
F.*211-726.)+:Hp.sE! maxp‘a.d. 
limaxp‘a = minp*8.liminp‘8=minp‘B (2) 
F.*211°726. +: Hp..E! minp’g.3. 


limaxp‘a = maxp‘a. liminp*8 = maxp*‘a (3) 


+ .(1).(2).(3). D+. Prop 
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*215'541. Ε:: PeSer.aesect*‘P. Be sect*P .av@e@=CP.9:. 
an §eQul.D: E!limaxp'a.=.E! liminp’8 
[*211°727 . *215°51] 
*215°542. |: Hp *215°541.an @=A.E! limaxp‘a. limaxpfave D'P,. 9. 
limaxp‘a = liminp‘@ 
[κ91ὅ δ4. 211-727] 
4215543. Ε: PeSer.aesect’P. Besect(P.av@=CO'P.anBeOul. 


ΤΕ limaxp‘a. limaxp‘a~we ΠΡ... 3. limaxp‘a = liminp‘8 
[#215°542°51] 


R&W II 43 


*216. DERIVATIVES 
Summary of *216. 


If a is any class, and P is any series, the derivative (or first derivative) of 
a with respect to P is the class of limits of existent sub-classes of an C*P, 
ie. ltp*Clex“an OP). That is, a term 2 belongs to the derivative of a if 
a set of terms exists which is contained both in a and in ΟἽ}, and has 2 for 
its limit. The derivative of a with respect to P will be denoted by Sp‘a. 

In general, there will be members of a not contained in Sp‘a, and members 
of &p‘a not contained in a. ais said to be dense in P if all its terms except 
the first (if there is a first) belong to Sp‘a, that is, if all its terms except the 
firat are limits of existent classes contained in a. ἃ is said to be closed in P 
if every existent sub-class of a which has no maximum has a limit which 
belongs to a, 1.6. if every existent sub-class of a has a limit or a maximum, 
and the derivative of ἃ is contained ina If ais both dense and closed, it is 
called perfect. In this case, all its terms are limits of classes chosen out of a, 
and every class chosen out of a has a limit or maximum in ἃ, 

The second derivative of a is &p*dp‘a, 1.6. dp**a, and so on. (Derivatives 
of infinite order cannot be dealt with till a later stage.) If P is serial, the 
second derivative of a is always contained in the first (*216°14). 

If P is a Dedekindian series, a is closed whenever Sp‘aCa. In order to 
secure a Dedekindian series, it is sometimes convenient to replace P by the 


> 
ordinally similar series P>P, which is contained in the Dedekindian series 
> > 
s‘P. Then a is replaced by Pa, and a is closed if the derivative of δα 
Ld . . . - . a . 
with respect to ¢‘P is contained in P“‘a. The relation of the derivative of a 


. . iT —_ . . * 
in P to the derivative of Pain ς Ὁ has been treated in *212°6 and following 
propositions. This subject is resumed below (*216°5 ff.). 


The derivative of the series P will be defined as the series of its limit- 
points, and denoted by V‘P. Thus we put 


ViP= PED Itp. 

If P is a series, the derivative of a class a consists of those members ᾧ of 
‘P which are such that members of a exist in every interval which ends 
In 2, 1.6. 

—- = 
#21613, F:: PeSer.Di.zedp'a.=:ceU°PiyPe.d,.qlanPyn Px 
We have 
- 
2162. Ε΄ ὃ» Ὁ} -- 1) -- BYP 


"2163. Ετ:αεάρηβοΡ. Ξ.α-- min pa ζ δρία 
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#21632. t:aeclosed‘P.=.Clex'(an C‘P)C A limaxp. dpa a 

We prove (*216°4—°412) that the properties of a with respect to P, as 
regards being dense, closed, or perfect, belong to S“a with respect to Q if S$ 
is a correlator of P with Q. 

—> 

We next consider the relation of a in P to Pa in ¢*P (*216:5—56). 
The point of these propositions is that ¢‘P is Dedekindian, so that a class is 
closed in s‘P if it contains its first derivative. (It is usual to define a class 
as closed whenever it contains its first derivative; but this involves the tacit 
assumption that the series P is Dedekindian. If P is the series of real 
numbers, this assumption is of course verified.) We prove (#21652) that 

- 

the derivative of Pa in s‘P is P““(Clex‘a—(U‘maxp), te. is the class of 
segments defined by such existent sub-classes of a as have no maximum; we 


—>) 
show that ἃ is dense, closed, or perfect in P according as Pa is dense, closed, 
- - 

or perfect in ςΡ (*216°53°54°56), and that a and P*‘a are closed if Pq 
contains its first derivative (*216°54). 

We end with various propositions on V‘P (*216°6—-621), of which the 
chief is 

- 

#216611. Ε:Ρεβευ 1.0.9. ΟΜ ΡΞ ΘΡ--(Ρ, = δ ΟΡ ΒΡ 

This subject will be resumed in connection with well-ordered series 
in *264, 


#21601. dp‘a= ltpClex“(an C‘P) Df 
*216°02. dense‘P = ἃ (α -- min pfa C Sp*a) Df 
#21603. closed‘P = ἃ {Cl ex‘(an C‘P) C CT‘limaxp. dp‘aCa} = Df 
*216:04. perf P =dense‘P n closed‘P Df 
*216:05. V‘P=P[D‘ltp Df 


#2161. Ετφεδρα.Ξ.(ῃβ). BCanOP.q!8.xltpB [(*216-01)] 

*216-101. F:vedp'a.=.(q8).8Ca.qi8.BCP“B.xseqp8 
Dem. 

+ .%216°1 . *207°1.5 

traedp'a.=.(qf8)-BCanCP.qgiB.BaCPCP"S.xseqpf. 


[%37°15] .(q8).B8Ca.q!8.BCP“B.xseqp 8: I+. Prop 
ΚΩ1611. Fb. Spa Ρέᾳ 

Dem. 
+ .%216'101 . *206-:142. D+: veSpfa.D.(q8).8Ca.qiB.ce PP. 
[¥37-2] >.2¢eP“asD+. Prop 


43—2 
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*216°111. +. δρα ΤΡ [Κ21611. *37°16] 
Χ91612. +. Spfa=Sp(an ΟΡ) [#22°5.(#216-01)] 
- - 
«21613. bi:PeSer.D:.ceSp'a.s:eeUPiyPr. dy. qian Pyn Poe 
Dem. 
+. *206°173 .*216:101.Db:: Peconnex. ?GJ.9:. 


> = 
xe dpia.=:(q8)-8Ca.qis.BCP&.PixC P“B: 
> «- 
[487-46] = τ β)εβ (α.π1β. BC PaiyPr.dy.qtin Py: 


Ι 


.- 
[κ24.ὅ8] Di yPx.d,.qlan Plan Pfy (1) 
F .*33°41:152.5 
> ε- -Ὁ -Ὁ 
bs.2eU'P:yPa.d,.qlan Pen Py:diqlianPe.anPcCanCP: 
—_> 
[*216°1] D:altp(an Βα). 3. .αεδρία (2) 
:-» 
Εν ΚΘ 72. Κ201.501. ΞΕΊΗΡ.9. Ῥέα α βῳ)ς βίῳ (8) 
--- 
Ε.κ024. 9Έ:ΗρΡ.39.. Φουεί(α κα PX) (4) 


L . (3). (4). #207232 . 9 
-» ~ -- 

kr: Hp. σε ΤΡ. Di. eltp(an Pr). =: Pie C Plan Pe): 

- 
[487-46] :yPa.Dy.qlanPanPy (δ) 

- 
Ε. (2). (δ). 9Ὲ :. Hp.ve CUP: yPae.d, παν Pion Py: “.φεδρία (6) 
+. (1). (6). 216111. D+. Prop 
#21614. +: PeSer.3.dpaC 8p%a 
Dem. 
b.#7147.5b:.Hp.d:8Cltp“Clex‘a.qif.o- 
(qu). «nC Clexfa. B=ltp “xn.  1β. 

[*37°26] D.(qAr). ACClexfan CT ltp. B=ltpr. ἢ 1β. 

- - 
[*207-54] 9. (qv). AC ΟἹ οχία α (Ἴρ. @=ltpr. ἢ 1. limaxp’@ = tps. 

-} 

[Κ2161. 81.200 κὅ8.9 4. ΓΥΔΠΒΡ] 9 . limaxp’8 ζ δρία. 


I 


—> 
[207-45] 2.10.8 Ὁ Spa (1) 
- 
Ε. (1). (#21601). 9}: Ηρ. 9: εΟἹ οχ'δρία. 2.10» C dpa: 
[*40°43°5] D: ltp“Cl ex‘dp'a C ὃρ»(α :. DE. Prop 


#21615, b:aC B.D. 8pfaCdp'8 (#372. (*216-01)] 
- 
*216:16. |: Petrans a connex.)D. δρία - dp"(a -- minp‘a) 
Dem. 
— - 
|. *24-26-101. 9 τταίπρα-- A.D. δρία-- δρ((α -- minp‘a) (1) 
F.*5136.9+:8Ca.q!@.E!minp‘a. minpave B.D. 
Be Clex*(a—t'minp‘a). 
- 
[8118] 2..10».β C 8p(a—efminpa) (2) 
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Εν *2055.3+:Hp.@Ca.q!8.minpae8.>.minp‘e=minp‘s. 
— - 
[*207'262] 9.10.8 Cltp(S—ct‘minp‘a) (3) 


—> 
F.(3).*3718.3+: Hp(3). 8+ eminp’a . 2.10.4 C Sp{(a—t'minp’a) (4) 
Εν «2051948. D+:E! minpfa. >. minp‘a = maxp‘t“minp“a. 


---} 
[Κ207.11] >. lt pt*min μία =A (5) 
--- 
Εν. (5). 2412. 9} 1 Et minp‘a.@=c%minp‘a. 9.}0}4Ἀβ}( dp(a—t'minp‘a) (6) 
-- 
Εν (4). (6)..23 :Ὴν (3).39.}}»β ς dpa — e*minp‘a) (7) 
- 
Ε.(2). (7). ΞΕΣΗ͂Ρ. 8Ca.qif8.E!minp‘a. 9.10ρβ ζ dp(a—t'minp‘a) (8) 
Ε. (8). κ4θ0΄δ'45. 3 : Hp. Ef minpa. 2. δρίας dp(a— efminp‘a) (9) 
Εν (9). κ2161δ. D+: Hp. ΕἸ τ ταϊηρία. 9. δρία τε δρι(α -- t'minp‘a) (10) 
Ε. (1). (10). D+. Prop 
—> 
*216°2. Ε. ὃ» ΟΡ Ξε 1410» - ΒΡ 
Dem. 
--» 
Εν Ἀ97.1ὅ. κΚ2161111.2}. ὃ» ΟΑἹΡ C 10» -- BYP (1) 
Εν. x2161. DE:aeDltp—6pC°P.D.altpA. 
--» 
{*207°3] D.ce BP (2) 
—> 
+. (2). Transp. Dt. Ditp— BEPC δ, Ὁ (3) 


F.(1).(8). 35. Prop 
"21621. Ff: PeRI‘/nconnex. 9. ὃ." } - [Ρ -- ((((Ἀ.-Ρὴ 

[Κ90 7.86. 216-2] 
#21622. +: PeRiJnconnex.PGP?.5.8)CP=U'P [*216-21] 
#21623. |: Petrans.). ὃρ" ΟἽ ΡΒ = seqp“C‘sgm‘P =ltp“d‘sgm'P 

Dem. 

Εν *206°25 . *216°101.9 
b:.Hp.d:aedpCP.=.(q8).q!8.8CP“B. xseqp(P“B). 
[24°58,.%37'29] Ξ.(Ηβ). BC ΡΒ. PMB. axseqp (PP). 


| 


[*201°55] > .(q8). P“P“B = P“B gq! P“B. wseqp(P"f). 
[Κ212.102] 9.  εβθα» "Πρ Ρ ql 
+. 2114. 9 Ε΄ Βρα ρ΄ ‘sem! P = It pC ‘sgm‘P (2) 
Εν #212°152 . (#21601). DF . itp“ ‘sgm‘P (Ὁ 8p°C°P (3) 


b.(1).(2).(3). Db. Prop 
—> 

*2163. t:aedense‘P.=.a—minp‘aC dpfa [(*216-°02)] 

421631. b:aedense(P.=.aCO'P.an Pa Spa 


Dem. 
--» 
+, *#2163:111.>+:aedensefP. 9.α --ὐὐπρᾷ Γ ((Ρ. 
[*205°11]} D.aCcP. (1) 
—> ww 
[*205°11] >.a—minpfa=an Pha (2) 


Ε. (1). (2). D>. Prop 
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*216°32. t:aeclosed‘P.=.Clex‘(a nC'P)C C‘limaxp. épfaCa 
[(*216°038)] 
> - 
«21633. b:.aeclosed*P.=:8Ca.qi@.BCP"B.d,.q I ltp 8. ltpBCa 
Dem. 
Εν. #207°45 .*205°123.>+:. Clex{(an C‘P)C C‘limaxp. =: 


BCa.q!8-BCOP.BC PHB. Ds. mI ltetBt 
[487-15] =10Ca.q18-BCPUB.Ip.atlte'B (1) 
Εν. 40435. Db bpaCa.=:8Ca.qiB.BCCP.d,.ltp’BCa: 
(4207 1142412] =: 8Ca.qgiP.BCOP. παχνί = A.D lp'BCa: 
(%205°123.43715])=:8Ca.q!8.8C PMR... ltpBCa (2) 
Ε. (1). (2). *21632.9+. Prop 


*216°34. ΕἼ: Peconnex.D:.aeclosed’P.=: 
BCa.q!iB. BCP“B. Ds. ltp"'Bea [*216°33 . #71382 . *207°24] 


#21635. +: PeSer.Clex'a CC‘limaxp.>.Clex‘Sp*a C C‘limaxp 
Dem. 
Ε.ἈΠ1. 47. ΚΘ 7.26. 2 
t:.Hp.d:PeClex‘dp'a.3.(qr). AC Clex‘an (Π|ὺρ». βιεϊυρλ. WIP. 
[*207°54] 
- -- 
2.(qr). AC Clexfan (ὺρ. β- ρλ ἢ 1. lmaxp‘f = limaxp’s . 
[*37:29.Transp] 
> - 
2.(qr).ACClex‘an (10. B=ltp“A. qtr. limaxp’8 = limaxp‘sr . 
— -- 
[*53°24. Transp] >. (qr). 8'λ ε Cl ex‘a . limax »" = limaxp‘s‘n. 
—_> 
[Hp] >.q !limaxp’8:. +. Prop 
*21636. -:aeperf‘P.=.aedense‘P nclosed‘P [(*216-04)] 


᾿ 


—> 
*216°37. |:aeperffP.=.Clex‘aC Tlimaxp. dp‘a =a — minp‘a 
(*216°3'32°36] 
#216371. ΕἼ aeperfP.=.Clex‘aC Climaxp.aCO'P. dpa=an Peg 
[κ216.31.39:11.86] 
*216°38. |: P etrans mn connex.aedense‘P.>. δρία ε ἄθη86.Ἀ. δρία C δ (ὃ pa 
Dem. 
—> 
+ .#2163:15.5+:Hp.3. dp(a—minp‘a) C dpSp'a. 
[*216°16] D. dpfa€ dpSp'a. 
[*216°3] >. dp'aedense‘P: D+. Prop 
—> 
*216°381. Ε: PeSer.aedense'P.>. Sp'a= Sp'5p'a . minp*Sp'a=A 
[¥216°38-14/11] 
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*216°382. |: PeSer.aedense‘P . Cl ex‘aC T‘limaxp. 2. δρία ε perf*P 
[¥216-35:381'37] 

42164, ΕἸ Se PaMmor Q. Dd. δρία = SBS a. SBpa τε Soh SA 

Dem. 

t.*207°63.3+:Hp.d. dpfa = Sty S*Cl ex‘a 
[*71-491] = Sty Cl ex‘ Sa 
[(*216°01)] = S896 Sa (1) 
Ε.(1). #72°52.%216111.5+. Prop 

4216-401. Ε: Se Psmdt 0.2. PE δρία =S3 (Qh 8fS*a) 


Dem. 
b.#150°37 . Dk: Hp. >. 83 (QE SoS a) = (S3Q)ES*8y'Sa 
[*216°4.4151°11] = Ph ép‘a: D+. Prop 
#21641. F:.SePsmorQ.aCC’P.D:aedense"P.=. S“ae dense‘Q 
Dem. 


b .*216°3 .*37'2. 9 
w —> we 
F:.Hp.3:aedense6P. 3. S(a—minp‘a) CS dp‘a. 


w —> ww w 
[*71°38.*205'8] 9. S“a— ming‘S*a C S“Sp'a. 
vw —_—> w - 
[Κ216θ4] D>. S“a— ming’S“a C δορίϑια, 
(*216°3] >. Sa edense‘Q (1) 
Q, P, Sa 
I) Bg α 9 
t:.Hp.2: S*ae dense‘. 3. S*S“aedense’P. 
[*72°502] >.aedense‘P (2) 
Εν. (1). (2). D+. Prop 
Χ216411. Ε: Se Psmor Q.aC OP. Dd: aclosed‘P. =. S*ae closed*Q 


Dem. 
Εν #20764. *37°431. 5 
tr Hp-3:8CCP.q!8.8e CU limaxp. 2. 


S"B COQ. q!S"B. SB ¢ Climaxg: 


{*71:49] D: Clex‘a C C‘limaxp.>. Cl ex'Sac C‘limaxg (13 
Εν ΚΒ 7.2. Κ25164. 98: Hp. Ds dpfaCa. 2. SofSae Sa (2) 
(1). (2)-#21692. +: Hp.3:aeclosed'P. >. S*ae closed'Q (3) 
F. (3) ome . Dt: Hp.d: Sue closed‘Q.>. Sq ε closed‘P. 


[%7 2-502] D.aeclosed'P (4) 
Ε,(9). (4). 3+. Prop 
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*216°412. F:.Se PsmorQ.aCO'P.d:aeperffP.=. Sae perf*Q 
[#216°41-411°36] 
- - 
*2165. +:PeSer.d.d‘stP—PMCP C8 (56 P) POP 
Dem. 
F , #212'134.%*216:111.9 


4 > - 
ΕἸΗΡ.Ρ-λ.ϑιαςΡ.- PHP =A. δίς ΡΥ ΡΑΟΙΡ- Λ (1) 
t .*212°632.2 


> - 
F:.Hp.qiP.P Mave PYOP.I: P\a=it (6 Py Pia: 


- 
[e216-1] D:qta.aCCP.d. Ρέᾳ εδ(ς ΡΥ Ρ“ΟῚΡ (2) 
Ε. (2). #212132. #37-265 .. D 

-- -- 
ΕἸ ΗΡ. ἢ Ρ.βέαςΡ. PHCP.D. Be 8 (SP) PCP (3) 
Ε. (4). (3). 3 ΕἘὩΤ Prop 


421651. +:PeSer.D. 
5 (s¢P) PCP =8(s°P)'C%s°P = Dt (s*P) — SA = T'sgm!P 
em. 
+. #212661.9+:Hp.«C DP, .2=lt(s'P)x.d.2=lt (ΡΥ Pest (1) 
t,*207-°13.*2121338.5+:Hp.«CD°Pe.c=lt(s'Pyie. 9. κειλ͵ (2) 
Ε. (1). (2). κ4026.9 
t:Hp.cCD°Pe.qi«.v=lt(sP) xe. d.q iste. α τε Ἰῦ ΠΌΣΟΥΣ 


e261] D.ved (st PY PMCEP (3) 
b.(8).#2161. Dk Hp. d.8(s*P)O%s°P C3 (5°P)PMOP (4) 
be x2113. x21615 . DE. 8 (6°P)P“OP CS (5PY OP (5) 
be (4) (5). Db: Hp .D.8(s*P) PCP = δίς Ρ) CSP (6) 
[421 6-2.6212'138] =Dit(sP)-uA (ἡ) 


Ε. (6). (7). #212667. 5+. Prop 
- 
Ἀ21652. +: Ρ εβου .  }Ἐ.αςΓ ΟἿΡ.2. ὃ (ς- Ρ.Ρέίᾳ-- P“(Clex‘a—C'maxp) 
Dem. 
~ -- 
Εν 216-1. Db: Hp. Diyed(s!P) Pa.  (κ) ΚΟ Ῥέα. lacey τε lt (s*P) x. 
---} 


[κ212:402] . (κ). κ ΟΡ ᾳ, ἢ ἔκ «οὐ ἘΠῚ max (s*P)e.y= βίκ. 


Mt 


> -» 
[*71°47.437-2] =.(qB).8Ca.q!B.~E! max (s{P¥P“R .y=s' PB. 
[*40°5.*212-601]=.(q8).8Ca.qiS8.~E! maxp'8.y=P“B. 
[*37°6] =.ye P“(Clex‘a—U‘maxp):. D+. Prop 


> - - - - 
#216521. +: Ρεβευ  αζ ΟΡ. 2. P“(a— minp‘a) = P“a -- min (s‘P)§ Pa 
Dem. 


— - > >= 
F. #71381. *20434.5+:Hp.>. P“(a— minp‘a) = P“a— P“minp‘a 
- - 
[212-6] | = Pq min (s*P)‘P“a:D5. Prop 
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*216°53. |:.PeSer.q!P.aCC'P.D:ac¢dense'P. = Pity e dense‘s‘ P 
Dem. 
+. *216°52'3.) 


—> 
Fi: Hp.3:. Paedense‘s'P.=: 
- - = 
P*a— min (ΞΡ) Pa C P*(Cl ex‘a — T‘maxyp) : 


= ? 
{*216°521] = : P“(a—minp‘a) C P“““(Cl ex‘a — U‘maxp): 


- 

[x37°6} =raea—minp‘a.d,.(qP).BC a.q!8.~E! maxp'2. Pre Pug: 
> 

[*207°521] =:vea—minpa.9,.(q8).8Ca.q!f.c=ltpB: 
_s 

[*216°1] :rea—minpa.2,.xr2¢ Spa! 


[*2163] =:aedense‘P::DF. Prop 


-» = 
#21654. +:.PeSer.q!iP.aCC'P. Dd: acclosed‘P.=. ὃ (s'P) Pia ς Pia 
Dem. 
F.*216°52.5 


- -Ὁ -- 
ΕἸ ῊΗΡ. 91. δίς ΡΊΡας Pace: PH(Clex‘a— U'maxp) C Pa: 


—> 
[1910]  =:8Ca.q!iB.~E! maxp'8. dg.(qe).vea.PMB=Pa: 
[*207°521]=:8Ca.q!P.~E! maxp'B. Dg. ltp'Bea: 

[*216°34] =:aeclosed‘P:: D+. Prop 


*21655. [+:.PeSer.q!P.aCCP.d:aeclosed‘P.= Pig e closed‘s‘P 
Dem. 

b.*21244,.5F:Hp.3. Pig C U‘limax (s‘P) (1) 
F. (1). 212: 04.323. 9 Ε΄ Prop 

*21656. F:.PeSer.qiP.aCCP. d:aeperffP.= .Pege perf's'P. 

— -- - - 
Ξ. ὃ (ς, Ρ).Ρέα = Pa — min (sf Ῥ)“"'α 

[*216°53°54°55°36°37 .*212-44] 

#2166. Fia(VSP)y.=.a2,yeDitp.x2Py [(*216-05)} 

*216°601. Ff: ve Dtpn UP. Peconnex. E! BSP.D. (BP) (VSP) & 


Dem. 
#20614. DF:Hp.d. BiPeDltp (1) 


Ε. 
Ε. #202:524.>+:Hp.>. (BP) Px (2) 
F.(1).(2).*2166.5+. Prop 
*216'602. |: Peconnex. E! BfP.D.d6VSP =D itp— BP = ὃ» ΟἽ 
Dem. 
Εν 4216601. >t: Hp.>.Dltp- BP CAVP (1) 
#2166. Db. CV'PCD4tp— BP (2) 


Ε.(4}). (2). #2162. 55. Prop 
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*216°603. f: P econnex. G7! VSP.9.CV'P=D'Itp 


Dem. 
F.*20035.5+:Hp.3.Ditprwel. 


[%202°55] 9. CVIP=Ditp: D+. Prop 
«21661. -:PeSer. Et BP.D.0VSP=A°P-—UP,  [*216°602-21] 
—> 
«216611. Ε: PeSer. qi VSP.D. OVIP= OP — OP, = 8'C8P v BYP 
Dem. 
- - 
Ε, *216°603 . κ206114.9 :ῊΡ. 9. ΟΡ -Ξ- (91, -- BYP) uv ΒΡ 


- 

[κ9162] = δ ΟΡ v BYP (1) 
—> 

[4216-21] = (U‘P—CU'P,) v BYP 

[¥93-108.%24-412] = ΟἹ Ρ--Ρ, (2) 


F.(1).(2). DF. Prop 
*216612. |: PeSer.3.AVSPCAP— OP, 


Dem. 
F.*x2166. OIF. AVIPCD tp _~ BP (1) 
+. #216221. 5+: Hp.d.Dtp _Bep =(U‘P— UP, (2) 
F.(1).(2). D5. Prop 
*21662. +: PeSer.qiV'P.2.CV!P=seqpC'sgm‘P = ltpC*sgm*P 
Dem. 
t.*216611.5+:Hp.d. CVSP= 5pO'P v BP 
[*216°23] = seqp’‘C‘sgm‘P vu BP (1) 
[Κ20614] = seq p““(C‘sgm‘P vu fA) (2) 
b.x211-45. Db: Hp.qi@'P_G'P,.d.q!D(PeaAD—vAa. 
[%212°153)] D.qisgm‘P. 
[*212°155] 9. Πρ Ἐν SA=C%som‘'P (3) 


Ε. (1). *216-23 .*20717.3:Hp.d. ΟΝ Ρ --Ἰυρ( ρβθυ ΛΔ) (4) 
Εν (2). (8). (4). Prop 


4216621. ΕἸ PeSer.qiv'P.>.q!agm'P.giG*P-GP, [κ9166219] 


*217. ON SEGMENTS OF SUMS AND CONVERSES 


Summary of *217. 


The purpose of the present number is to prove *217:48, which is required 
in the theory of real numbers (Part VI, Section A), where Q will be the series 
of positive ratios including zero, P will be the series of negative ratios in the 
order from zero to — οὐ (both excluded), α the real number zero, and Z and W 
two different series either of which may be taken as the series of negative and 
positive real numbers. In virtue of *217-48, these two series are ordinally 
similar. 


*2171. FranCQ=A.3.(PLQ)“a=Pa [1601] 
Ἀ41Τ11, Ε:π Ια ΟὉ.32.(Ρ Ἐ ) a= CP uv Oa {*160°1] 
*21712. +. D(PLQ).C DIP. u(CP v)SD4Qe  [*217-1711 . #21111] 
#217138. 2: OPnCQ=A.3.P“a=(P£Q)(a— CQ) [*217-1] 
Ἀ21714, tigi QMa.d.C Pv Q“a=(P£Q) “a {*217-11] 
#21715. +: C’PanCOQ=A.9. DP. ν (CP v) (DO. — fA) CD( PLO) 
[4217-1314] 
-ν - 
#21716. Ε:. ΟΡ αι Ορ τλιωη  ΒΡιν. ἢ ΒΒ. 1:9. ΟΡ Ὀ(ΡΆ 9) 
—py 
Dem. +.#*211°301. DkieqgiBP.3.CPeD*P, (1) 
_— v 
b. (1). «21715. ΞΕ: Hp.wq! BP.D.CPeD(P£EQ) (2) 
—_> 
b,*217-11. > big! BQ. >.(PLO)BQ= OP (3) 


Ε.(2). (3). 3+. Prop 
er ied - 
#21717. Εἰ, C§PaCQa=Aing!i BP.v.g! BQ:o. 
DU P£LQ)c= D6Pe v (ΟΡ vy DQe [2177121516] 
Sy -μ 
Ἀ21718., b:.CSPaACQ=AinqgiBP.v.nqg!BQ:)5. 


D(PLQ)c= Ρεν (ΟΡ υγ( 0. -- ι"Λ) 
Dem. 


b. #211301. Dba 1 BP. >. (OP ved CDP, (1) 
b.(1)-#21717. Dk: Hp.wq!BP.>. 

D(P4$.Q)e=DP. v (CP vy"(D'Qe- HA) (2) 
QUT. «= Ding! BQ.qtanCQ.>.qh(PLQ)“an0Q 43) 
QUTL. = Die qt BQ. gq! BP.an0Q=A.D.(PLQ)“atOP (4) 
(3).(4). Dkr Hp.wq!BQ.q!BP.>d.0PreD(PAQe (8) 
(5) #2171215. > 
: Hp (δ)... D(P4Q)e= D'P, u (OP v)(D‘Qe— fA) (6) 
+ .(2).(6). +. Prop 


τ τ τὶ TT TT 
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42172, F:C*PaACQ=A.9.D*Pen (COP v)( Di Qe ~ SA) =A 
Dem. 

Ε.Ἀ21111.9 

Fk: DSP. CCCP τὰ (ΟΡ υγθ 0.-- Δ). 9. πιὰ CQ:D+. Prop 


-». 
e21721. F:qIt BP.D.DIP. (ΟΡ vy DQ=HA 
Dem. 
b.*211:11.3+:Hp.aeD{Pe.>.q!1C’P—a: Of. Prop 


*217:22, +: P,Qe trans nm connex.(*P a CQ=A.qIBP.g 1BQ. 5. 
s(P4Q) = 5 PROP v)istQ 
Dem. 
Εν *201-401 .*202°401, D+: Hp.d. P4#Qe trans n connex (1) 
F. (1). #*212'23.5 
Fi: Hp. Ds.a{s(P#Q)} β. =:a, Be D(PHQ).aCB.atP: 
[*¥217:17-21]=:0,Be DSPe.aCB.atB.viaeD*P,.Be(CP vy DQ. 
v.a, Be(C'P uv) DQ .aCP.atB: 
ra(si'P)B.v.aeCsiP. BEC (CP υνςο. 
v.af(CP v)isQ} B: 
[16011] =S:aj[sSPH(C'P u)5sQ} Bi: D+. Prop 


(4212-23) 


it 


—v - 
4217.28. +:..P,Qetransnconnex.CPaCQ=A:~q! BYP .v.~ qi BQ:5. 


s(PEQ)=sSPH(CP υ) 0) } (— fA) 
Dem. 


F.*201°401 . #202401 . *212:23.D 

Fr: Hp. 9: αἱς(Ρ 8 0} B.=:4,8eD(PLQ).aCB.atPB: 

[Ἀ217 182] Ξ τα, β ε Ὁ Ρ,. αζβ.αῈἘβ.ν.ἀΉ 6. βε (ΟΡ v)(DQe—t'A). 
v.a,Be(CP v)(DQe— Δ). ας B.atP: 

{*212°23.%160°11] =: {[s‘PA(CP v)3(s*Q)E (—efA)} Bir Db. Prop 


421724. bran B=A.D.(av)PClBel—>l [424-481] 

#21725, +: OP an CQ=A.9.(OP v)f O%sQe ((C*P v)35*Q} smor (s*Q) 
(*217-24] 

42173. +: PeSer.>.D‘Pe= P“C'P υ D(Pe ἡ I) — (864, 
[¥211-32302°41] 

4217301, ΕἸ Pe Ser.yeD(PeA ἢ -- (964. 2... = OP — ῬΑ(ΟῚΡ --) 


Dem. 
F.#211°'727.5+:Hp.>.~.E! liminp*(C*P —y). 


[#207°44.4211°7] >. ΟἹΡ —y esect*P ~C'minp. 
[¥211-41-12] 5. ΟἿΡ ~y = P“(OKP —y) 2 Db. Prop 
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421731, +: PeSer.yeD*Pe.D.(q8). y= POP — PX) 
Dem. 


t. #20153. 3D 

— «- v > 
t:Hp.y=P%r.B=P,y'e.3.06SP— P“B= Pyfx. 
[*201°53] D>. P&(CKP — PhB)=¥ (1) 


+. (1). #2173301. 5+, Prop 
421732, +: PeSer.D.D(P)e=(Pe(O*P ~)"D' Pe 
Dem. P υ ω 
be #21731 τ 2+:Hp.d.D(P)C (δ). “(ΟΡ -)"DP, (Ὁ 
Εν (1). ΚΒ716. 2 Ε΄ Prop 
#21733. Ε΄. (α --Ὁ ΚἘΏ 6] ἃ εἸ -Ὁ ] 


Dem. 
F.#24492.9b:8Ca.yCa.a—-B=a—y.9.8=y: 9t. Prop 


#21734. +: PeSer.d.P.[ (sect‘P ~CA‘ltp)elal 


Dem. 

Εν. e211l1.3b:a,Sesect*P.P“a=P'SB.qgiB—a.d.q!B—-P“B (1) 
(1). #205111. It: Hp. Hp(1).5.E! maxp'8 (2) 
Ε. x211'56. D+: Hp (2). 9 ΠΡ. (8) 
[5206᾽111.(2}} >.maxp’Brea (4) 
F.(3). DF: Hp(2).3.a=P"B. 

{*205°22.(2).Hp| 2.a= P*maxp'g = Pq (5) 
Ε. (4). (δ). *207°232. 5+: Hp (2). 2. maxp'8 = Itp‘a (6) 
+ .(6). Transp. DF: Hp.a, Besect*P. P“a=P“B.~E!ltpa.3.8Ca (7) 
Similarly F:Hp.a,Besect’P. Pa=P"8 WEL tp. Dd.aCB (8) 


F.(7).(8). DF: Hp.a, Besect*P— (610. Pa= PB. D.a=B: Dt. Prop 
421735. Ε: PeSer.d.(P)|(C*P—)P D‘Peel 1 


Dem. 
Εν ¥217-:33. Dh. (CP ~)P D‘Pee1 1 (1) 
Εν. «211-76. +: Hp.3.(CP-)/DiPe= sect’P — tlp. 
[*217°34] D.(Py)ef (C6P —)“D'Pee 11 (2) 


Εν (1). (2). D+. Prop 


#21736. +: PeSer.3. P= ΟΡ —)> Cnv'sfP 
Dem. 
+. #21223 .D 
Εν ΗρΡ.9:: β(ς“Ρ)α.γξΞ ῬΡ(ΟΡ --αἡ. δε Ρ“(ΟΡ-.β).32. 
βΚα.ἀΈἘβ.Ρ-«(ΓΟἿἼΡ-.-β. 
[κ81.2..κ217.35]}2 .γ (ὃ. γεδ. 
[κ212.98] D.y(s‘P)8 (1) 
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Εν. (1). Dk Hp.>.(P)3(O*P-)3 θην ΡῈ s(P (2) 
F.(1). Transp . 9 

b:Hp.8(s‘P) yy =P“(O'P— a). 8= POP -- β).α, 8 D'Pe. D. aC 8 (8) 
b.#217°35. 5Ε:Ηρ(8).3.α (4) 
Ε. (8). (0). #21223. Hp(3).9.8 ((P)3 (O€P - Ὁ» Cav‘s*P} y (5) 
Ε 


. Κ217.31. ΞΕ : Ηρ. ὃ(ςΡὴγ.3. 
(πα, β).γ-- ῬΑ(ΟῚΡ —a).8 = ΡΑ(ΟΈΡ -- β).α,β «Ὅ“Ρ. (6) 
Ε.(δ).(86). Dts Hp. 3. «Ρ Φ(Ρ) (ΟΡ —)3 αν: Ρ (7) 
Εν (82). (17). D5. Prop 
421737. b:PeSer. Ὁ. (δ). [(0}Ρ- SDP ¢ (s*P) smnoF (Cav‘s*P) 
[*«217'35°36] 
¥#217°38. +&:PeSer.). (s*P) smor(Cnv‘sfP) [#21737] 
42174, +: P,QeSer.C’PaACQ=A.E! BP. EIBQ.>. 
s(P4.Q) =(P)3 (C&P —)Cav's‘PA(OP Ὁ}. [#217-22'36] 
421741, bs. P,QeSer- Pn O'Q=A:v EI BP .v.sELBQ:D. 
s(P £Q)=(P)3(CP 3 Cav's'P (CP ΟΣ (ΟΣ) (— (Δ) 
[#217'23°36] 
<217-411, ΕἸ Hp #21741. >. [s(PAQIE (uA) = 
(P)3 (CP -)3 Cav'(s‘P)f (— DP) ACCP v)i(8Q)E (- (Δ) 
[4217-41] 
421742, ΕἸ Hp*217-41.3. (s(PAQ)IE (-vA—uD(P4Q)} = 
(P)3 (C'P —)3Cnv'(sP)t ( (Δ — DP) > OP 
RCP v)3(5*Q)E(— UA — 1.0) [#217-411] 
421743. Επ P,QeSer. OPAC Q=A:n EIBP.v.vE!BQ: 
ΧΟΡῸ ΚΔ — UDP). Y= (s*Q)E (— μὰ — 0.0). 
Z=|s(PRONL {Aue D(P 80}. 
W=X patY.iavneQx ν ΟΟΥ .5. 
(P).|{0*P —)f Ὁ Ρ.-- κα -- UDP) w (D‘P) | a 
υ (CP vy fF (D'Q. — tf A-—UDQ)eZsmor W  [#217°37-25-42] 


SECTION C 


ON CONVERGENCE, AND THE LIMITS OF FUNCTIONS 
Summary of Section C. 


The purpose of this section is to express in a general form the definitions 
of convergence, the limits of functions, the continuity of functions, and 
kindred notions, and to give such elementary consequences of these definitions 
as may seem illustrative. 


In the definitions usually given in treatises on analysis, it is assumed that 
both the arguments and the values of the function are numbers of some kind, 
generally real numbers, and limits are taken with respect to the order of 
magnitude. There is, however, nothing essential in the definitions to demand 
so narrow a hypothesis, What is essential is that the arguments should be 
given as belonging to a series, and that the values should also be given as 
belonging to a series, which need not be the same series as that to which the 
arguments belong. In what follows, therefore, we assume that all the possible 
arguments to our function, or at any rate all the arguments which we 
consider, belong to the field of a certain relation @, which, in cases where our 
definitions are useful, will be a serial relation; we assume similarly that the 
values of our function, at least for arguments belonging to CQ, belong to the 
field of a relation P, which, in all important cases, will be a serial relation. 
The function itself we represent by the relation of the value to the argument; 
that is, the relation of f(z) to 2 is to be RB, so that, if the function is one- 
valued, f(x)=R‘x. (If the function is not one-valued, f(«) is any member 


—- 
of R‘x.) Thus we may speak of R as the function, Q as the argument-series, 
and P as the value-series. 


To take an illustration: Suppose we are given a set of real numbers 
2, Cy,+.. Ly,..., Where vy may be any finite integer. Here ὧν is a function 
of ν; the argument-series is that of the finite integers in order of magnitude, 
the value-series is that of the real numbers (or any part of this series which 
contains all the values 2, 2,-..2,,.-.). The function # is the relation of 
a, to v, so that z,= Rv. In this case, calling the argument-series Q and 
the value-series P (as will be done throughout this section), we have 
d‘R=C‘Q=the finite integers, R“C'Q=D‘R=the class x, a, ... ty, «νον 
and RiQ=the series 2, %,... £,,.... The series which arranges 2,, 2, ... 
2,,... m the order of their own magnitudes, instead of the order of magnitude 
of their suffixes, is P[ D‘R or P[ σῷ. This will not be equal to [90 
unless the function is one which continually increases, 4.6. one for which 
bv Dd. ky Sty. 
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In general, the propositions of the present section are only important 
when P and Ὁ are series. If our assertions are not to be trivial, we must 
have q!C‘Qn ‘SR and πα RCO, we. there must be arguments in 
C*@ which lead to values in C‘P. It will also generally happen that the 
function is one-valued, ie. that Rel—»Cls. But the above conditions, 
though necessary to the importance of our propositions, are in general much 
narrower than the hypotheses that are necessary for the truth of our 
propositions. 


The present section is wholly self-contained, that is to say, its propositions 
are not referred to in the sequel. We have, in this section, carried the 
subject as far as seemed suitable for the present work; its further develop- 
ment belongs to treatises on analysis. 


We begin (#230) with a general conception which is involved in the 
notion of convergency. We shall say that the values of a function converge 
(or, simply, that the function itself converges) into the class a, if for late 
enough arguments the values always belong to the class a, 1.6, if there is a 
term y such that, if yQ42, R‘z ea, or, to avoid assuming that FR is one-valued, 


=> ‘ 
R‘zCa. Thus the values of the function converge into the class ἃ if 
«-- 
(τ). ψε ΟΕ. ΕΟ  ν Ca. 
Τῇ a term y is one such that, from y onward, all values belong to a, we write 
y ¢ RQ. « (where “cn” stands for “convergent”), te. we put 


ROmna=9 lye C'Qn GR. R“OQyty Ca} De 
When there is such a y, 1.6, when the function converges into the class a, we 
write “RQ. 4,” 4. we put. 
Qu = RA(q! RQ,a) Df 
ΠΟΘ. αὐ may be read “FR is Q-convergent into a.” This means that for 
arguments sufficiently late in the Q-series, the value of the function is always 


a member of a. Thus eg. if R’r=1/a, and a=9(y<1), KQ.na, and if 
z>1, ze RQ,, 4. 


We next consider (*231) limiting sections and ultimate oscillations of 
functions. For this purpose, we proceed as follows. If RQ,a, then P,yé‘a 
is a section of the P-series such that, for sufficiently late arguments, the 
values of the function must belong to Py“‘a. Hence if we take all possible 
values of a for which #Q,,4, and take the logical product of all the resulting 
sections P,‘‘a, we get a section containing all the “ultimate” values of the 
function; moreover this is obviously the smallest section which has this 
property, because, if we take any section 8 which contains all the “ultimate” 
values, we have RQ, 8, and Py“8=, and therefore the logical product in 
question is contained in 8. The logical product in question is 


‘ εὖ. ‘ 
P Py Qen fi. 
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In order to avoid trivial exceptions which arise when CQad‘R=<A, we 
define the “limiting section” as 


.«- 
pe Pg Ὁ ΚΕ a CP. 

This “limiting section” we denote by PR,.Q, where the letters “se” stand 

for “section.” Thus we put 


_ «- 
PR,Q ΞΟ Ra ΟΡ De. 


PR,.Q is the class of those members x of the series P which are such 
that, given any argument however late, there are still arguments as late 
or later for which the value of the function is not less than 2. In like 


manner, PR,,.Q, which we will call the “limiting upper section,” consists of 
those members 2 of the series P which are such that, given any argument 
however late, there are still arguments as late or later for which the value of 
the function is not greater than x Thus the product of PR,,Q and PR,.Q 
is the smallest stretch which contains all the “ultimate” values of the 
function, 1.6. it is the stretch consisting of those terms « which are such that, 
however late an argument we take, there are arguments as late or later for 
which the value of the function is not greater than 2, and also arguments 
for which it is not less than # Thus the product of PR,,Q and PR,.Q 
represents what we may call the “ultimate oscillation” of the function. We 
shall denote it by PR,,Q, putting 
_ PR,.Q= PR.Q A PR@ Df. 
We may express PR,,Q in a form not involving Q,,, namely (*231°12) 
= ε- 
ΡΗ9--» ΡΟ κ(ΟὉ ἃ GER) a OP. 
This formula for PR,,@ may be elucidated by the following considerations. 
.-- 
If y is any member of CQ, then CU‘ RaQ,‘y consists of all arguments 
«- 
from y onwards. Hence (ΠΕ ἃ Ὁ, ν), we. Ri Qy‘y, consists of all values 
ε- ! 
of the function for arguments from y onwards, Hence Py“ R“Q,‘y consists 
of all members of the P-series which are equalled or surpassed by values of 
the function for arguments equal to or later than y. Nowifa term 2 belongs 
ε«- ‘ 
to the class Py‘R“Q,‘y for every argument y, it 18. a term such that, 
however far up the argument-series Q we go, we shall still find values as 
great as or greater than x. When this is the case, we may say that 2 is 
P-persistent. In this case, « may be regarded as not greater than the 
“ultimate” values of the function. Now the class of arguments concerned 
is C‘Qn G‘R. Hence the class of P-persistent terms is 
«- 
pi PyfEREOsM(O°”D n (4), 
where the factor ΟἹ may be added in order to accommodate the formula to 
the trivial case where C‘Q a U‘R =A (the only case in which the factor ΟΡ 
R&w it 44 
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makes any difference). Thus the class of P-persistent terms is the limiting 


section. Similarly the P-persistent terms are the limiting upper section. 
These are the terms which are not less than the “ultimate” values of the 
fanction. Thus the product PR,,Q is the terms which are neither greater 
than all ultimate values, nor less; hence it is the class of ultimate values, 
which may be appropriately called the “ultimate oscillation.” 


It will be seen that PR,,Q, being the product of an upper and lower 
section, is itself a stretch: we may call it (alternatively) the “limiting 
siretch.” It consists of all members z of the P-series such that the function 
does not, however great we make the argument, become and remain less 
than ὦ, nor yet become and remain greater than «. If PR,,Q consists of a 
single term, that term is the limit of the function as the argument travels up 
the series Q. (This is, of course, in general different from the limit of the 
values of the function considered simply as a class of members of C*P, te. it 
is different from ltp*R“C*Q.) If PR,,Q does not consist of a single term or 
none, we shall have two limits to consider, namely limaxp‘PR,,Q and 
liminp‘PR,,Q, which give the two boundaries of the ultimate values of the 
fanction, When the class PR,,Q is null, the function may be regarded as 


having a definite limit: in this case, PR,,.Q and PR,,.@ are the two parts of 
an “irrational” Dedekind cut, 1.6. a cut in which the first portion has no 
maximum and the second no minimum. Thus PR,,Q¢0v 1 is the condition 
for a definite limit of the function as the argument grows indefinitely. 


The above gives the generalization of the limit of a function when the 
argument may be any member of Ο ἃ G‘R. In order to obtain limits for 
other classes of arguments, it is only necessary, as a rule, to limit the field of 
Q to the class of arguments in question, 1.6. to replace Q by Qf a (cf #232). 
In order, however, to avoid vexatious and trivial exceptions arising when ae 1, 
it is more convenient to replace Q by Qyfa. Thus the section of P defined 
by the class of arguments a is PR,.(Qxb a). We put 


(PRQ) soft = PR (Qe a) Df. 


This definition is useful because we very often wish to be able to exhibit the 
limiting section defined by a as a function of a. The section (PRQ),:‘a is. 
such that, if # is any member of it, and y is any argument belonging to a, 
there is in a an argument equal to or later than y, for which the function 
has a value equal to or later than « Thus « is such that the function does 
not ultimately become less than 2 as the argument increases in the class a. 
The limit or maximum of such terms as ὦ is the limit or maximum of the 
ultimate values of the function as the argument approaches the top of a. 
The class of ultimate values is 


(PRQ)efan (PRQ),<a, which we call (PRQ)o¢a. 
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If the function has a definite limit as the argument increases in a, the class of 
ultimate values must not contain more than one term. 

Our next number (*233) deals with the limit of a function for a given 
argument. The limit or maximum of the class of ultimate values is not 
necessarily the value for the limit of a. It will be found, however, that, with 
a suitable hypothesis, the limiting section (PRQ),.“a depends only upon 
Qx‘(an UR), and if an (‘AR has no maximum, it depends only upon 
Q(an dR). Thus ifand‘R and Bn d‘R both have the same limit, they 
define the same limiting section, Hence if ἃ is the limit of a, the limiting 


_ > 
section of a is (PRQ),,‘Q‘a. The upper limit of this is the upper limit of the 
ultimate values as the argument approaches a from below. We put 
_ 2 
R(PQ)'a=limaxp'(PRQ)Q'a Def. 
We have thus four limits of the function as the argument approaches a, 
namely 
R(PQ)a, R(PQ)a, R(PQ)Ya, ΕΚ (ΡΟ). 
If Καὶ is a continuous function, these four are all equal to R‘a; but in general 
they are different’ from each other and from R‘a. The subject of the con- 


tinuity of functions is dealt with in 984, When R(PQ)‘a= R(PQ)a, each 
is the limit of the function for the argument ὦ for approaches from below. It 
should be observed that if κα is defined for a set of arguments which are dense 


in Q, te. if 8¢U*R= OQ, then R(PQ)a and R(PQ)a are defined for all 
arguments in O*Q. 


44—2 


κ280. ON CONVERGENTS 
Summary of *230. 


In the present number, we have to consider the notion of a function 
converging into a given class, or, as we may express it, the notion that the 
value of the function “ultimately” belongs to the given class. If R is the 
function in question, a the given class, and Q a series to which the arguments 
belong, we say that “R is Q-convergent into a” if there is an argument y¥ 
such that, for all arguments from y onward (in the Q-order), the value of the 
function isan a, That is, & is Q-convergent into a if 

(ny) yeCOQanGkh, RQyty Ca. 
A term y which is of this nature is said to belong to the class RQ,,« Thus 
R is Q-convergent into a if the class RQ,,a is not null. Hence we have the 
following pair of definitions: 
ROna=O'Qn Ra 9 (RQyty Ca) Df 
Qen = H8 (G1 RQen®) Df. 

Tn all the cases that have any importance, R# will be a one-valued function 
(1.6. a one-many relation), Q will be a series, and C‘Q ἡ C‘R will be a class 
having no maximum in Q. For, if C‘Qa A‘ has a maximum in Q, then the 
classes into which R converges are simply those to which the value for this 
maximum belongs. The following propositions, though only important under 
the above circumstances, are in general trwe under much wider hypotheses. 


It is possible to generalize still further the notion of convergence, so as 
to apply to any property which belongs to R when confined to sufficiently 


t 
late arguments. For this purpose, we have to consider Rf Q,‘z, where z is 
to be confined to terms later than or equal to some term y. If, under these 


.«- 
circumstances, RE Qy‘z always belongs to the class A, we may say that R 
ultimately becomes aX. We may put 


RO ng =9 ίψεσοι OR yQye «Dee RE Qyized} Df, 
Qeng = BX CH! BQeng) De. 
This is the general conception of which Q,, is a particular case; in fact, 
Fs RQont = + RQang (D“Cl*a), 
Qeng Will have to be used when the ultimate properties of the function with 


which we are concerned are not properties of its values; but when they are 
properties of its values, Q., enables us to deal with them more easily than Quang 


In this number, we prove the following propositions among others: 


- & «- 
#230171. Fy ¢ RQ, (Ρ κα). 3. «πε ΕΟ ἐν 
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*230°211. 
*230°253. 


*230°4. 
#23042. 


*230°63. 


FnaC@.d:RQ,a.9.RQn8 

bi ΚΟ Ca. dD: RQ,a.=-GlOQnTk. 

Wl RCQ.s ag l(RP CQ) 
εν RQent = OR ἃ Qy!( RQ on) 

F:.Qy, econnex.3: RQ... ΚΘ... =~ BQ. (an B) 


—> 
Fs. Qe transn connex. E! maxg‘A‘R.9: RQ, a. =. ASmaxe'A‘RCa 


ill 


In virtue of this proposition, the case when E! maxg‘Q‘F is uninteresting, 
and in order to obtain interesting interpretations of our propositions, it is 
necessary to suppose that (‘# has no maximum. Similarly when, in later 


numbers, we consider OR a On, we shall only obtain interesting results 
when this has no maximum, which requires that @ should be a compact 
series (Q?=Q) and G‘F should be dense in Q. These assumptions are, how- 
ever, not usually required for the truth of our propositions. 


*230°01. 
*230°02. 
*23071. 

*230°11. 


*230°12. 
Dem. 
+. 3 2901 


~ «- 
RQnt = Ο n AR α ἢ (RQ, fy Ca) Df 
Qon = RG (HE! RQ) Df 
ως .«- 
Ε:ψεκῷμα. πε ΘΟ Δ UR. πο υ Ca [(*23001)] 


bs ΕΟ, αν τι 11 RQont = + (α})). γε Ὁ UR. RQyty Ca 
[(#230-02)] 


-- «- ο- 
Ειψε RQ. 2. Qyfyn GRC Κρ, α 


#2011415. 


_ — 
bye RQgnes yQy 2. 1.3. ας Ca. 26 OQ a UB. μα C Oxy - 


[#372] 

[2801] 

*230°13. 
Dem. 


*230°131. 
*230°14. 
Dem. 


Dd. zeCQndR. RQyeCa. 
9.4 ε Κῇῷ αν D+. Prop 


Ε. RQ = (R r CQ) Qent 


b. 48564. DE. CQan 4 - Ὁ A(Rf CQ) (1) 
= — 
b. «87-421. 3b. ΕΟ ἐν = (RE OO) Qyty (2) 


Εν. (4). (2). Κ2801.2 Ε΄ Prop 
F: RE OCQ=TTC?Q. Ὁ. RQnt=TQon% [#23013] 
rye RQ na. 9. qGiCQandR.qlanD‘k 


—_ 
+.*2801.3+t:Hp.d.yeCQn OR. ἔμ Ca. 
> => 
[*33°41] D.yeCQOnWTR. Gg! Ry. RyCa. 
[*22°621.*33°15] D.qGiOQadkR.gqlanD*R: DF. Prop 
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4230141. F.RQ,A=A (*230°14 . Transp] 

#230142. +:.R=A.v.Q=A:>.RQ,a=A [x230-14. Transp. *33°24] 
#23015. +: Ερμα. 5. ρα dR. qlan DR [*230-14-11] 
#230151. Ε: RQ.0-3.q1R.G1Q.qla [*230°15] 
#230152. Ε-. R=A.v.Q=A.v.a=A:3.0(RQ,,a) [#280151 . Transp] 
«23016. +. RO..a=R(Qyt TR).4 


Dem. 
ΕΒ. #28014. DF: O'Qnd‘R=A.D.RQ,a=A.R(QyE TR), a=A (1) 
b.x9041. DbrqiO*Qnd*R.D.0(Q, GR) =C'Qn dR (2) 
«- — 
Εν «87:26. Dk. ΠΟ, ἐν = RY“ (Qyty n AR) (3) 
< ee 
+. (3). #35°102. ΕΣ γε... R“QySy = ΕΟ AR y (4) 
Εν. (2). (4). 2301.5 


Εν ΤΟ ὦ 4.Ε.3:τνε RQ as= oy eO(Qyt C&R) a d‘R. Εαῦ yt AsRyCa. 
[κ2801] ye R(Qel ἀγα (5) 
F.(1).(5). D+. Prop 


4230161. +: Qu ΠΕ τῳ 0‘°R.>.RQ,,¢=RS,,4 [#23016] 


.«- 
#23017. Ετψεσθο 48.2.5} R“Qyty 
Dem. 
«- = 
+. #9012 .%33°41.2F: Hp. γεν Gl Εν. 
[87:18] 9.1  , ν : Db. Prop 
- & 
#230171. ty € Ron (Ρ μα). Dome Py RM ἐν 
Dem. 
‘|: ἐν é ἐπ έ Ss € 
b.#280117.>+:Hp.d.qthkh ay Ἐῶ C Pye 
[%22°621] 9. B“Oyfy n Pyfe . 
[#3746] 2.26 Py RQ,6y: Ε΄ Prop 
#23021. Ε:αΓβ.5. ΚΕ, ας RQn8 [*230°1 .*22°44] 
#230211. bi.aC B.D: ρα. 2+ RQnk [¥230°21°11] 
#23022. +. ΕΟ, αὖ RQn8 ΕΟ (αν 8) [%230°21] 
#230221. Fs. RQ na. Vv. RQ.,8:9-RQ.(av B) [#230211] 
#23023. +. RO..an ΕΟ... - ΕΟ, (α 0 8) 


Dem. 
= = «- 
F.*2301.3+: ye RQ, an RQ B= yen CR. R*Qyty Car κόρ ως B. 
[Comp.*230'1] =.ye ΚΕ... (α αβ)ι:Ε Prop 


#230231. Ε: ΕΟ, (α ὁ β).32. Ερμα. RQen8 [κ280911] 
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#23024. +. RQnan RQu(8—a)=A [#280-23-141] 
#23025. +.RQ..4=RQ.. (anD‘R)=RQ on (an Bi Qy CR) = ΒΌ, nBKO*™) 


Dem. 
«- < 
b.«8715. 9b: RO y Ca. =. πο γα DR (1) 
Cm ww 
b.«8718. 3b ye CR. πὴ, fy C RQ ARs 
«-- w 
[Comp] 2: RYO, Sy Ca.=. RO. Can RQ, "AR (2) 
.«-- 
Εν. Ἀ27.218..5. Ἐπ x'y CRO?. ε. 
[Comp] DE: R“O,y Ca. =. BOgy Can RCD (3) 


Εν (1). (2). (8) #2801. Ε- Prop 
4230-251. Ε. RQe,( BOQ) = OQ n UR 
Dem. 
Εν κ3815. 4872. DE. (y). Βαμα C RO (1) 
F.(1).*2301. 95+. Prop 
4230-252. Ε: RWOQCa. Dd. ROgt=O'QnCER [*280-25-251] 


#230253. Ε- ACO Ca. Dd: RQ .a. =. qilQndk.=. 
ΡΟ. ΞΟ ἃ ΓΟ Ρ CQ) [23011252 . 37-401 . 43564) 


#23031. Ε΄ s'RQ «eC RQ, (6. κ) 


Dem. _ _ 
b.*28021.3Fsaex. 2. Ερμα ς RQ a (s'e): It. Prop 


- 
#230°311. Ε. Qanft (μοι κ 


Dem. 
Ε. #2380211. 3h ταεκ. RQga. 2. RQ, (8%): Db. Prop 


#23032. +. RQ..(p'e)=C'On Rn "ΕΟ, ἐκ 


Dem. 
t.*2301.5 
= .«- 
Frye ΚΘ (pie) Ξεῖνε ΟἸ Gh. RO ἐν C ρίκ: 
€- 
[#40715] aryeCOn Od Riacw. Da. RQyky Ca: 
«-- 
[#473] ziyeCQn Td Riaek. 3. γε Ὁ ΚΟ, Κορ Ca: 
[*230°1] Ξε Ἢ ΚΟ ΔΛ p'RQ,, ἐκ. Db. Prop 
*230°321. b ‘ a ! Ke 9 . RQea( pst) = p’RQen'*K » PRQ on ς ce n ash 
Dem. ~ 
b, *230°1 . Dhksaex.24.RQ,aCCQOn AR (1) 
Ε. (1). κ40281581. Dh: Hp. d.p RO COOn MK (2) 


t. (2).*230°32.>+. Prop 
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42904. |. RQma= AR a Qy(RQen) 


Dem. 
Εν #28011 90°21. DE. RO a COR. RQe α C Oy! RQen α) (1) 
Ε.490114]ὅ.. Dh: Ερμα ~¥Qy2 32 BR Qyfa Ca (2) 
F,(2).*2301. Deiye ρα. yQee- ΖΚ. 3. ze RQ ne! 
[487-105] Dt. OR Oy (ROon ας RQ oq (3) 


Ε.(1}. (8). 3+. Prop 


«23041. b:.Q, econnex.3: RQ,.4C ΕΟ. β..ν. RQ. 8 CRQ,,a 
Dem. 
Εν ¥211°61.*201'15.3 
bs Hp: μι τς, © Oy! RnB) « ¥ « OS ROB) © ᾧ,(πῦ,, ὦ: 
[Fact.*230°4] >: RQ..4C RO,8 Vv. ΕΘ C RQ. α τ. Dt. Prop 


*230°42. §:.Q,¢connex.3: θα. ρα 8+ =» RQ (an 8) 


Dem 
b #28041. bz. Hp. 3: RO,,09 RQen 8 =RQend-V- RQ αα RQn B= RQ iB? 
[*230°23] >: ΕΟ, (ὰ ἃ 8) =RQya- Vs RQn(an 8) = ΕΟ. 8: 
[*230°11 | >: RQ: RQ 8+ D+ RQ (an B) (1) 


+ .(1). #230231... Prop ip 


*230:421. ΕἼ: Οὐ econnex .anB=A.3.~ {RQ &. RQ 8}  [*230°42°141] 


_— =~ 
#23051. Ε: RQna.D.p'QyC'Qa GRC κα 


Dem. 
ς- ~ — 
Εν. Ἀ20114, ΞΕ: ye OC Qn ΟΕ. RQy'y Caz e pfQy CQ. D ΝΟ 62 Ca (1) 
-- 
Ε΄ Κ2380151. 4062. 9 :Η».9.ρ΄ ΚΟ CCQ (2) 


Ε. (1).(2). #2301. Ξ9ἘΕ1ΉρΡ.ψε RQna-zep'QyiCQndR.D. 


= 
zeCQadR. R“OyzCa (8) 
Ε. (8). #230111. 34+. Prop 


ἧς Ὲ ccc 
#230511. bs y ep Qy CCQ. 9. Ομ = p'Qy MOQ 


Dem. 
«- «-- 
F.#40°12.Db: Hp. Dd. ΚΟ ς ον (1) 
«-- 
F.#40°53.9t:. Ηρ. Ζερ  ψ. Dd: ΦεΟ . 9... Quy: yQyz! 
[*201°15] DI: 760Q.d,.Qyz: 
--- 
[*40°53] Diz py O°™ (2) 


F.(1).(2). D4. Prop 
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4230612, Ε: UR a py 0Q C ROmna sD. Rp Oy OQ Ca 

Dem. 
t.*2301.3+:. Hp. Dr yeTRa py OQ 2 BR“ Og'y Ca. 
[#280°511] 9. Rp Oy OQ Ca 
Εν (1). #1023. DF: Hp. qt OB αρ κοί. 5. Βιφί CQ Ca 
be 4372629. Dk: O'Ra pg CQ=A.D. Rpg OQ=A, 
[424-12] 9. Rp QO Ca 
F.(2).(8). DF. Prop 


«ε- «- = 
*#230°513. F. 10. 3: R“p'QyC°"OU Ca.=. Ra py OOS RQ na 


Dem. 
«- 
Εν. #230511. 9. ἘΣ ye Chan pQy "CQ. 3: 


té OF ec Y¢ ἕ chy 
Ry Q CQ Ca. d. ye UR. ΕΠ ιν Ca 


Ε.(1). 4062. #23071. 9 

.«- .-- ~ 
big! Q.yeMhn p'Qy CO. Κρ, CEO Ca. d. ye RQ na 
b.(2),.Comm. DF: 1.32: 


R« ‘Q, “OQCa.d. aR a “Oooc RO 
Pex a. . np Ox Q Von 


Ε. (8). #280°512. D+. Prop 


«--: 
4230514, biG! Q. at p'Qgi OQ n UR. Βορίρ Ὁ α.3. ΕΟ, α 


Dem. 
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(1) 
(2) 


(3) 


(1) 
(2) 


(3) 


- «- =~ 
+ .*230°513.Db:Hp.d. gl pQy CQ n ER. p'Qy OQ an URC RQ nq: 


[*24°58.%280-11] 2. ἔρια: Db. Prop 


— -- «- «- 
#23052. Eig! O'Qn O‘R.g! 1 Ra pQy ΕΟ eee C Qo RD. pike Qo ΚΕ 


Dem. 
— ἊΝ -- _ 
Εν. Ἀ4016. Db :αεκ. Dp Oya RQ nk ΡΟ Ερμα 
Εν (1). Κ4061.2 
— ~ v - 
Ε ae Hp .9 ΞΆΕΚε > » 6 Qy 6 RQ on x ς Qe ΒΟ, α ‘ 


[Fact.*230°4] 9. Κὸ pO! 8° RQ an C RQ? 
[40-44] Ds Παρ, RO one Cp’ RQ gi § 
[*230°321] Digie«.d.0Ba μι μα RQ ae C RO on(P°e) « 
(Hp.*24'58] 2.q! Fen (p*e) . 

[¥230-11] >. pice Qe R 


«-- 
Εν. *230-253 κάθ 5. ΞΕ rg iOQnGR.ck=A. Dd. pee QR 
bt .(2).(8). D+. Prop 


(1) 


(2) 
(3) 
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-- 
#23053. F:.Qetransn connex. Εἰ τλαχ ἢ. 9: ΠΟ κα .«Ξ. RK maxy’AURCa 
Dem. 


t. #205111. It: Hp.d.maxsaReCOUn Ah (1) 
Εν ΚΩΟδΊΑ4Ι. #20118. DF: Hp. >. Qyfmaxy'UR a R= tmaxg ER. 
[437°26.453°301] 5. R(QyfmaxgC'R) = F'maxeG'R (2) 
+, (1).(2).>':.Hp.d: Rémaxy' GR Ca.>.maxg'Re (RQ na)» 
[κ93011] >. ΕΟ, (8) 
b.#205°36. Db. Hp. DiyeOQn OR. RM Oyty Cad. R“Oyémaxy CU RCa: 
[#230°11] D+ RQg aD. Κα παν TR Ca. 

[(2)] >. R'maxoU'RCa (4) 


Ε. (3). (4). D+. Prop 


+ 
#23054. ἢ :. Qetransnconnex. HE! max)h.d:4€ 0,.<R «Ξιρίκε Qn 


Dem. 
ς«- -- 
b.*230°53.Db:: Hp.d:.«4CQ, Ξιαεκ. da. Rmax Ah Ca: 
- 
[π4015] Ξ ΣΧ ORC pte: 
{φ-- 
[κ28088] Ξιρίκε τ D+. Prop 


*231. LIMITING SECTIONS AND ULTIMATE OSCILLATION 
OF A FUNCTION 


Summary of *231. 


In the present number we are concerned with the limiting section defined 
in a series P, to which the values of a function & belong, as the arguments 
to the function increase in the argument-series Q. That is, we are concerned 
with the section consisting of those terms 2 of C‘P which are such that, 
however great the argument to & becomes, there are still values at least as 
great as 2, Such terms as ἃ may be said to be P-persistent; x is P-persistent 
if the function does not ultimately become and remain less than z. The 
class of persistent terms is called the limiting section. The limiting section 
may be defined as follows. If a is any class into which & is Q-convergent, 
then the section P,‘‘a is such that the values of the function are ultimately 
contained in it. The product of such terms as P,‘‘a is the smallest section 
having this property. Hence if « be any member of this section, then 
ultimately (1.6. for arguments far enough along the Q series) the values of the 
function & do not persistently remain less than x in the P series. Thus the 
product of such terms as Py “‘a is the limiting section, and we may therefore put 


PR,.Q=p'Pg“QiRa OP Dé 


where the letters “sc” are intended to suggest “section.” (The factor ΟἿ 


on the right is superfluous except when Q,,‘A = A, te. when (“Qn GSK =A.) 
We will call the limiting section of P, ie. PR,.Q, the “limiting upper 


section.” It will be seen that if # ig a member of PR,,Q, then the function does 
not ultimately become and remain, as far as some of its arguments are concerned, 
greater than 2, that is, however great we make the argument, we still find 


values not greater than ὦ. Hence if # belongs to both PR,,.Q and PR, 
we find values not less than ἃ; and values not greater than however great we 


make the argument. This class, PR,.Q a PR,,Q, may therefore be regarded 
as the class of ultimate values of the function. We will call it the “ultimate 
oscillation” of the function, since, as the argument approaches οὐ, the value 
of the function ultimately oscillates in this stretch of P, and no smaller stretch 
has the same property. We will denote this class by “PR,,Q,” where “os” 
is intended to suggest “oscillation.” PR,,Q is a stretch in CP, because it is 
the product of two sections. Hence we shall also call it the “limiting stretch.” 
When the function has a definite limit as the argument approaches o , the 
limiting stretch must not contain more than one term. 

Limits of functions for arguments x in the middle of CQ a ASR, which 
will be considered later, are derived from the limits considered im the present 
number by limiting the field of Q to predecessors of z. 
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In this number we prove the following propositions among others: 

#231103. +. PR,.Q = Poo RosQ = Pe RoeQ 

e23112. Ε΄ PRaQ =p Pi Βα, (On UR) n OP 

«23113. +.PR,.Qesect’P 
Ε 
Ε 


κ231.141. Ε τοὺ, econnex. RQ, (Py tx) .>.2ePR,Q 
«231191. Ε: P,,econnex. q!PR,.Q.2- 
ΡΟ = Py (PRosQ) « POP ReeQ) = Po (PRoaQ) 
#231192. + :. P,,econnex.q! PR,.Q@.q! PRQ'.D 
PR Q= PRG «=» PRyQ= PR « P By Q = PReeQ’ 
«231193. +: P,,eSer. PR,.Qel.>. 
PR,,.Q = t‘maxp(PR,.Q) = t‘min »(PR,.Q) 
This proposition is frequently used in the present section. 


In all ordinary circumstances, we shall have C‘P = PR,,Q uv PR,.Q, 80 
that if the upper and lower limiting sections do not have more than one 
term in common (2e. if PR,,Qe1), they define a Dedekind cut in P. The 
following propositions are concerned with this fact: 

#231202. Ε: Py, Qy econnex . ἢ | PR,,Q. 2. OP —(PR,.Q) C PRQ. 
e231-21. 1: Py, Qy econnex .O'Qa URC Oy REOP.D. 

C6P = PRee® ν ΡΗΟ 
κ231.29, +: Py,Qyeconnex. R“OQCUP.2.O'P = PR,.Qu PR,Q 

Note that “R“C*Q C C‘P” is the hypothesis that for arguments belonging 
to CQ, the values belong to O*P. 


~ - -- 
Κ201.24. Ff: Pyeconnex. R“CSQCOP ΚΟ (Pyie)} .2 Ῥω C ΡΕῸ 


#23101. PR,.Q=p'Pgi“Qa'Ra OP Df 
#23102. PR,,Q = PR,.Q a PR, Df 
42311. +. PR,Q=p'Py“Q.6RaCP [(33101}} 
#231101. +. PR,.@ = PR,,.Q n PR,,.Q [(*28102)] 


#231102. Ε. PR,.Q= Ρ RaQ = Py Bec [#231°1 . 91-602 . *90°4] 
#231103. ΕἸ PR.Q= Poo RosQ = Py RosQ —_« [*281°102°101] 
#23111. biewe PR Qs =: RQ yt. D.-cePyarceC'P [*281-1] 

Ε 


~ «- 
#231111. Εν 26 PR,.Q.sryeOQn ΚΕ. ΠΟ ἐγ Ca. Dy. cePyarzeO'P 
[κ23111. %230°11] 
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-- ς- 
#231112. bi. ce ΡΙ ΘΟ. πῖνε αν 9». xe Py ΚΟ, τε. 

Dem. 
b.#231°111 .%22°42.5 

= -- 
bi.2€PRQ- Di yeCQOn AR. D,. ve Py ΕΠ Ὁ, γιας COP (1) 
Εν. 51.2.9 
Ευ ψε ΟΊ. Dy owe Py Βαμα rmeO*Pid: 
«-- 
yeCQUn GR, ΚΟ να. dya- ve Py“arveC*P: 
[¥231:111} Ds ae PR,.Q (2) 
b.(1).(2). 3+. Prop 
κ281113. bs. 2 ΡΠ Ὁ. ary eOQa dR. Dy. c(Py|R| Qy)y ive OP 
[6231112 . 487-3] 

If Καὶ is a one-valued function (1.6. a one-many relation), and if we write 

xu’ for xPya', and yy’ for yQxy’, we have 
ae PR,Q.=:yeCQnG@R.D,.(qyY) yy 2g Ry :aeOP. 
That is, ὦ belongs to PR,,Q if, for any argument y in CQ, we can find an 
argument y’, greater than or equal to y, for‘which the value is greater than 
or equal to ὦ. 
-- < 

#23112. +. PR,.Q= pi Py RO (OE an AR) a COP §#231:112] 

This is usually the most convenient formula for PR,,Q. 
#231121. Fr gi CQaGR.D. 

-- <— «-- 
PR,Q =p Py "QR = op Py REO ( CQ n d‘R) 


Dem. 
b .#230258. Db: Bp. Dd. q! Omi R- 
[κ4028.μ87.41] 5. Ἐς 8 Py Qe Re 
[κ4038..81:16] υριΡμες, ROOP (1) 
40°28. Hp. Dep Py RQ, (COCR) Col Py ROD, (COCR) 
[*40°38.#37°16] cop (2) 


fF. (1). (2). #281112. 356. Prop 
#23113. +. PR,Qesect*P [#211-631-13 . 231-12] 
*231:131. +. PR,Q@CC’P [κ2811] 


#231192. biG !OQa MR. D. PRuQC Py R“Qy OR 


Dem. 
= ς-- 
Ε. κ4028.. #281121. D+: Hp. >. ΡΟ ΟΡ μές, Κ(ΟἿΌ ἃ GR) 
[%40°38] ς Pag BES EQ OE Ἂ d‘R) 


[*40°52.%37°265 ] C Py RO,°A°R: 3+. Prop 
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*931133. t:C'PaAG‘R=A.D.PR,Q=C'P [*231-12 . 437-29 . #40°2] 
#531134. Ε. Poo (PR,.Q) = P*(PReQ) [211-131 . κ981.18] 
#93114. b::Rel—»Cls.3:.2¢PR,.Q.=: 

ye CQ n TR. 9». (2). yQye- Py (δια. ΟΡ [ἈΠῚ 1. #231113] 


#231141. +: Qy econnex. RQin ὧδ μα) .>.2ePR,.Q 


Dem. 
+. #2804. 3b: 4 εκ (Py!) 2eQR.yQyz. 9. Ze RQ,, (Pyéa). 
[4230171] D. we Py RE Qu lz (1) 
Εν #230171 «#963 2D 

~ & He & ε- 

Fs ye RQen (Py ia)» 20g y sD. ve Pig TEQRY γος Oy <2 « 
[437-2] D0 ¢ Py μές κα (2) 
Ε.(1).(}). Dk: Hp. ye RO, (Pyia).2e0' Qn OR.d. we Py RQ, (3) 
Εν (3) #23011. DF. Hp. DizeC'QaC'R.D,.we PgR Oy 6 (4) 
b.#230151. Db: Hp.d.veC'P (5) 


Εν (4). (5). #231112. D+. Prop 


#231142. Fk: aesect‘P. RQ,a.>.PR,QCa 
Dem. 


Εν #2311 .#40°12.5+:Hp.>.PR,.QC κα. 
(#211-13] >. PR,.QCa:>+. Prop 
- - => 
#231143, Ε: RQ. (Pix). D- PR QC Pyie [#231142 . 211-13] 
= = => 
#231144. Ε: ΚΟ, (Poole) D+ PR QC Pyofe  [%231-142 . #21116] 


-- ΜῈΝ 
4238115. b:R“OQCHP.D. CP a p'Py"OP C PRQ 


Dem. 
.--- 
Ε. #3872. 5b:.Hp. 9: ROSY COP: 
oe A 3 [178 4 ee A c 
[40°23] 5 : y € CQ adh . Dy . pi Py CCP Cc Py ROn’y : 
[%231-12] 2: ΟΡ a p'Py COP C PR,.Q 1. D+. Prop 


#231151. Ε. Py econnex. OP np! Pg"O'P C PR, D. BP C PR,.Q 
[*202°521]} 


*231'152. Ε: Py econnex.C'Pn py’ Pg CP CPR,,.Q.4 [ΒΡ .>.B'Pe PR,.Q 
[*231°151 . *202°523] 
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-- = 
The hypothesis ΟἿ Δ ΡΟ ΡΟ PR,.Q is verified not only when 
RYCOQC CP, but also under certain more general hypotheses 
hypotheses, namely 


. Two stich 
CQnGRCROP 
and CQOn TRC ὦ. RCP, 
are considered in the following propositions. 
v — = 
#231153. F: CQOn ARC OSROP .3. OP np Py CP C PR,Q 
Dem. 
Εν. 571. ΞΕ: ΗρΡ.32: ye CQ nQGh.dy:(qz).ceCP. 2(B|Qe)y: 
[40°51] Dyia ep Pg OP . Dz. (GZ). 2ε OP. 2(R| Qu) ys aP yz. 


[841] Dz. ΟΡ [ΚΙ On) ν (1) 
+.(1).Comm.) 


bi Hp. we Pap Py OP. D2y Ὁ ὁ CR. 2, .2(Py|R| Quy eeOP: 
[#231113] D:vePh,,Q: It. Prop 
4231-184, Ε: R“OQCOP.D.0Q an GRC ROP 
Dem. 
b.487°2. Db: Hp. >. RYROG CROP, 
[487°501] >.0'Qa GRC R“OP sD +. Prop 
4231-155. Ε: O' Qn URC ROP. .0'Q a GRC QR “OP 
Dem. 
b 422-4345. Db: Hp.d. Oa GRC OO n REOP 
[90°33] C Oy R“OP : Db. Prop 


4231-156. Ε: CO n URC ORCL. 


Nove Py REQ (OQ a OR): 
«-: 
send R.D..qi OP ΚΟ, 2 


Dem. 
b.x871. 3b: OQ n ARC QAROOP. =: 
zeCQn UR.D,. (qx). ceCP .2(Qy| Ra: 
. 


[*37°3] =arzeCQnMd'R.D,. (qr). ce OP. ce RQ‘: 

«-- 
[κ229.38] Ξξισξεσ θο Th... 1ΟῸΡὰ BQ : (1) 
[x37°265'43] =: ze ΟἿ ἡ n GR. D,. 7 1 Py RO (2) 


Εν(1). (2). 36. Prop 


- w 
*231:16. +: Pyeconnex. 1} BP.CQOnGRCOMSRSCP WD. 
Gi PR Q.-BtPePR,.Q [*231:152153] 
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- -- - 
4231161. +: Py econnex. q! BSP. R“COQC ΟΡ. Ὁ. πτ ΡῈ, Ὁ. BYP ¢ PReQ 
[*231°154°155°16] 


423117. Ε: R“OQCOP.D.RQ.aC RQe, (PyMa) 


Dem. 
Εν 49013. Db Hp. DiyeOQ. >. REQyy COP: 
[4230-1] Di yeRQma-D-yeCQaGR. Re Oey CanlP, 
[490'33] D.yeOQaGR. Re Qyty C Py a. 
[*230°1] >. y¥ ε ρα (Pa). DF. Prop 


gIBVATL. Ε: RYO COP. RQ gts D+ RQon (Poa) [423117 . #230711] 


- «- 

423118. Ε: R“CQCCP.D.PR,.Q= ρίίβεοι αὶ ΟΠ) ἃ CP 

Dem. 
bt. #23111 .*211'13.3D 
ti.7ePR,Q.>:8Q,,R.Sesect*P.Dg.ce8i:reC'P (1) 
Εν 991 111. 9 
bes Hp. D3. ρα (Pea)... 76 Pyar Dd: RQna. Da. ve Pyar, 
[413'195.%231-11] 

D:. (qa). B= Pya. ΒΟ... De ce BtaeCP:d: we PR,.Q:. 
[*21113]D:. Besect"P. Κρ. 3,.ceBraeC'P:D:2¢PR,Q (2) 
F.(1).(2)-3 0 
bi: Hp.D:.7ePh,.Q-=:fesect"P.RQ.8-Ie.ce8iaeC*P i: Db. Prop 

-- > ~ 
#231181. : PeSer. R“OQCCP.D.PR,.Q = OP 1 p( PCP ας. ΕὉ 
Dem. 
b .*231'18 . 211 802. χ4016.9 
-- > «-- 
Ε:ΗΡ.9. ΡΙΗΙΟς OP 9 p( POOP a Ὁ... R) (1) 
«- «- 
Εν 4065. κ2830.211 . Db τ᾿ αεβοοῦρ n QR. 2eOP Δ Pa. 32: 
> ς:- 
Ρώζεςρ,., ΚΕ: 
- «- -- 
[κ4012] Diwep(PHOP Ὁ, Ε).3 σε P's (ἢ 
-.(2).Comm.Dbi.2eO'Pn (POP Δ Qe'R) aesect*'P a Quik >: 
xe Pize CP apiP a.) D,.2 eP*r: 
[40°41] DiaeCPa py POP n μι Ῥιᾳ) (3) 
Εν 211.111. 2 
—~ ς- -- 
F: Hp.aesect(P.3.05P Δ ΡΟ (ΟΡ a pi Pa) =O'P a pi POP -- ἃ 


[#211°7-711] =O'P—~(C'P—a) © (4) 
F.(3).(4).D 

—> 
Ε: Hp.aeO*P np POP a Qe R) «9 τὰ εβροῦ αὉΕ .3..Ζεαὰ: 
[*231-18] >:a2ePR,Q (5) 


F.(1).(5). DF. Prop 
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#231182. |: PeSer. R“C°QCC'P.q1C°P ~(PR,.Q).>. 

-- «- 
PR,.Q = p\(P“C'P 0 Qo‘ R) «1 (PHOP 0 Ὅς R) 


Dem. 
Ε..3.931.181.9 
~ «- _ ~ -«- 
ΕΤΗΡ. ἡ (ΡΟ a Qn‘ R) +2. PRo@ = p'( PHC? a 9.) (1) 


= .«- 
Εν ΚΩΒ0Ἴ1.9Ἐ Ηρ. P“O'P an Qa(RaA.D: 
ne OP. yeO'Qn UR. Dy, y (RM Oyy C Ῥω. 


[*90'33.Hp] ων Ομ BOY ς Ῥω). 
[Κ211.56] ον κίας Py ROOKY . 

[*90°13] ., ε ΤΥ Py REQ (2) 
F.(2).*238112.>+:Hp. PROP 0 Qont BR =A -2>.C°PCPR,.Q (3) 
F.(3). Transp. DF Hp.d.q! PCP a ΚΕ (4) 
t.(1).(4). DF. Prop 


*231'19. |: Petrans.Q,econnex. R“OQCCP.D. 


— «- 
PR,.Q = ρ (ϑυ αὶ ΘΕ) ΟΡ 
Dem. 


F.#*23118101. 5s: Hp. d:. 

ae PR,.Q .=:aesect'P .Besect'P. a, Be QxtR ~De gp veanBiaveC*P: 

[413-19 1.¥11°35] = - (qa, 8)-aesect’P . Besect’P .a,B¢ QniR.y=anBs Dy 
sey: a2eC*P (1) 


+. 4280-42. Db. Hp. D148 eQaiR.=.an Bed,'R (2) 
+ .*215°16.> 

bi. Hp. Ds (qa,).aesect'P. Besect(P.y=anB.=-yesteP (3) 
+. (1).(2).(8).D 


b::Hp.3:.e¢PR,Q.=:yestr’P.RQn ys Dy. vey Ot. Prop 


#231191. Ε: P,, econnex.q!PR,.Q.2.- 
PR,..Q = Py (PR,Q) . P“(PR,.Q) = Ρ.(ΡΕ,.0) 
[*215°165 . #231°13-101] 


#231192. F:. P,, econnex.q! PR,.Q@.q!PR,,Q'.D: 
PR,.Q= PR Q' Se PR = PRG . PR,Q = PR,Q 
{*231:191:101] 
#231198. Ε: P,,¢Ser.PR,.Qei.D. 
PR,.Q = maxp(PR,.Q) = t‘minp“(PR,.Q) 
{*215°166 . *231:13°101] 
This proposition is of fundamental importance. 
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4231-2, + : Py, Qy econnex. Ὁ n URC QyROCOP.D. 

OP ™ (PR,Q) ς PR,.Q 

Dem. 
b. 4231112. 
bree C’P —(PRyQ). >. (ay) ye OQn UR. we OP — Py RQyky (1) 
Εν #202'501 . #9033. D 
.«- «- .«- 
bi. Hp. awe OP — Ρ RE Qyty oD are ΡΠ Ο ἐν 0 CP) : 
ε- «- 


[1968] ϑινρ κε. 3,.ὦ € pt Py BQ zn OP): 

[*4.0°61] D: yQy2.26U'R.D,.H€ Patt Re Oy znC*P). 

[*«37°265] D,. LE Py BE ‘zs (2) 
[«90°12] DiyeCQnTh.D.L£e Py RQy! yt 

[963.4372]: yeCQan UR. zQyy.2,.7€ Py R“Qy ἐξ (3) 


b. (2). (8). #202187. Dbz. Hp. γε Ὁ ὁ ΠΕ ae OP — Py RQyty 5: 
z2eC'QnU‘R.D,. “ΡΒ, :@eC*P: 

[231-112] >: 0¢ PR,Q (4) 

F.(1).(4). DE: Hp. :ΦΕ ΟΡ —(PR,.Q).D.0¢ PR,Q:. 3+. Prop 


This proposition is fundamental in the theory of limiting segments. 


4281-201. +: Py, Qyeconnex . R“O"Q COP. Ὁ. OP —(PR,.Q) C PR,.Q 
[4231°2154°155] 


4231-202. Ε: Py, Qy econnex .q! PR,.Q. 9. CP —(PR,.Q) C PR,.Q 


Dem. 
Εν #4022. Transp . #23112. 9 


br Hp. Dd. Ave Py RQ, (OQ n GER). 
[#231156] >. C*Qn URC Og ROP 
["2312] D.C*P—(PRQ)CPR,.Q: 3+. Prop 


#23121, +: Py, Qy econnex OQ a URC Qy* ROP .D. 
CP = PR,.Qu PR..Q 
Dem. 
Εν #23113. Db: PR,.Q COP. PR,.Q COMP (1) 
.¥281-2. Dk:Hp.d. OPC PR,.Q vu PR,.Q (2) 
F.(1).(2). DE. Prop 


#23122, +: Py, Qyeconnex . R«O°QCOP.>.O'P = PR,.Q vu PR,.Q 
[%231-201°13] 
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#23123. +:. Pyeconnex. R“CQCO'P.D: 
! Βα, £ Ῥ [1 5 Ῥ [Π {ΠῚ εν cy 


Dem. 
b.x9014. Dh: Hp.d. βαρ COP . 2 ὦ 
t.(1).*9021.>+:Hp.q!t REO 'y — Pyfe.d. GE Pa Βα y — Py‘a. 
[*211-56.%202°13] D. Pyfe ΡΟ ἐν τ D+. Prop 


428124. +: Pyeconnex. R“OQ COP. (RQon (Eyit)} «D+ Pyfa © PB 
Dem. 


Εν 423011. Dt. Hp. diye OQn MR. dy. gq! R“Oy'y— Pyle. 


-9»9 
[4231-23] Dy» Pyle © Pry RE Qy AY 3 
-Ὁ. 
[4915 4.40°44] >: Pyéar Cp’ Py RQy(CQ ἡ UR) (1) 


F.(1).#231:12 .*9014. D+. Prop 


#23125. |: PeSer.Qyeconnex. R“OQCCOP.PRQ=A. 
EK! limaxp“(PR,.Q) ΩΣ limaxp(PR,.Q) = liminp(PR,.Q) Υ. 


limax p“(PR,!Q) P, liminp*(PR,,Q) 
[4215°54°541 4231-13-22] 


4231-251. Ε: Hp *231-25 . limaxp‘(PR,.Q)~e D‘P,.>. 
limaxp(PR,,Q) = liminp'(PR,Q) [#28125] 
#231252. +: Pe Ser . Qy econnex. R“OQ COP. PR,Qe0ul. 
E! limaxp(PR,.Q) . limax p(PR,.Q)~e Ὁ... 
limaxp‘( PR,,Q) = liminp“(PR,.Q) 
(4215°548 . #231°13:22] 


-- -- 
κ231.4, +:Qetransnconnex. Εἰ τάχ .. ΒΕ ΞΡ, Rmaxg'A‘R 


Dem. 
Ft .*230'53 .*2317121.9 


F::Hp.> 1.26 PR,.Q 
{37 °2.422°42 ] 


- 
: ραχ ΠΟ α.3..Φε Py a: 
-} 
sae Py Rimaxg (ΠΕ 1: DF. Prop 


_ — 
#23141. +: Qe trans n connex.E! R'maxg(1‘R.D. PR,.Q=PyfRimaxg’ AR 
Dem. 
+ .480°5 .#231°4. #5331. 9 
t:Hp.>. PR,,.Q = Py fe RimaxgA‘R 


—_ 
[*53°301} = Py‘ Rimaxg’ A‘ Ri D+. Prop 
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κ282. ON THE OSCILLATION OF A FUNCTION AS 
THE ARGUMENT APPROACHES A GIVEN LIMIT 


Summary of *232. 


In the preceding number, we considered the ultimate oscillation of a 
function when the argument grows without limit. If, in the propositions of 


the last number, we confine the field of Q to Oa, where ὁ ε (‘Q, the ultimate 

oscillation becomes the ultimate oscillation as the argument approaches ἃ; 

from below. If the ultimate oscillation consists of a single term, this is the 

limit of the function as the argument approaches # from below. If, instead 
-- 


of confining the argument to Q‘a, we confine it to any other class whose limit 
is ἃ, we shall, under a very usual hypothesis, obtain the same value for the 


-» 
ultimate oscillation as if we confined it to Q‘z. And more generally, under 
a similar hypothesis, if a and 8 are two classes of arguments which define the 
same section (1.6. such that Q,“a= Q,.°*8), then, whether or not this section 
has a limit, the ultimate sections and the ultimate oscillation are the same 
for a as they are for 8. Hence we are led to consider first the result of 
—> 

confining the field of Q, not to Q‘x, but to any class a. In order not to have 
to exclude explicitly the case in which ae¢1, we deal with Q,[a, not Qf a. 
Hence we are led to the following definitions: 
#23201. (PRQ). a= PR,.(Qy[ a) Df 
#23202. (PRQ)¢= PRo(Vyba) Df 

Most of the propositions of the present number are immediate conse- 
quences of corresponding propositions in «231. The most important 
application of the propositions of the present number is to the case where a 
is of the form ἴω, « being a member of δ. We may, in this case, take 

—> 


in place of Q‘a any other class of arguments (e.g. a progression of arguments 
ὅν %,... ,...) having # for its limit, without altering the limiting sections 
or the ultimate oscillation. Hence the limit of the function for a given 
argument (if it exists) may be determined by choosing any selection of 
arguments having the given argument as their limit (cf. *233'142, below). 
From the definition of (PRQ),,“a we obtain immediately 
#23211. b:.26(PRQ),.fa.5! 
«-- 
yeanCOandRh.d,.2e Ὁ. ΕΠ (an Qyty):26COSP 
We prove that (PRQ), a= (PRQ)cfan CQ a C&R) (*232°181), and that 


ifanC'Qn T‘R=A, the two limiting sections and the ultimate oscillation 
are all equal to C*P (#23215). Also we have 


#23214. ἘΠ Qe trans connex.an CQ wel. D.(PRQ) sha = PRee (Qt a) 
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Thus the substitution of Q, for Q in our definitions has the effect of 
making them applicable to unit classes, and of enabling us to substitute the 
hypothesis Q, ¢connex for @etransmconnex. But when Q is transitive and 
connected (and therefore when Ὁ is a series), the substitution of Qy for Q in 
the definitions makes no difference unless a is a unit class. This case is 
trivial, since the only interest of our definitions is when a has no maximum 
in Q. 

From *231‘22 we obtain 
#23222. +: Py, κ᾽ aeconnex. RM(anCQ)COP.O. 

CP = (PRQ) eft v (PRQ) sofa 

We have next a set of propositions concerned in discovering circumstances 
under which two classes a and 8 which determine the same section in Q (and 
therefore have the same limit, if any) give the same values for the two 
limiting sections. For this purpose, it is only necessary to discover cireum- 
stances under which we may substitute Qy“‘(a ὦ G‘R) for a, When this can 
be done, the ultimate oscillation of the function as the argument approaches 
the limit of a can be determined by taking any set of arguments having this 
limit. We have 


#232301. .(PRQ)ecfa C (PRQ)soQyi(an A‘R) 
#23232. | :(PRQ).“Qy(an GR) 601.3. (PRQ),<ac0ul 


Thus if the function has a limit as the argument approaches the limit of 
Qy ‘(an G‘R), it also has a limit as the argument approaches the limit of a. 
* 8 PP 


*232°33. |: Py, κ᾽ aeconnex. R“(an OQ)CCP.O. 
(PRQ)ec'a ¥ (PRQ)aca=(PRQ) ac Qu! (am TR) v (PRQ) sc Qy(an UR) = OP 
whence 
#23234. +: Hp «28233 .(PRQ),$QyS(an GSR)=A.D. 
(Κρ), = (PRQ) Ὁ χα (α ὁ 64). (PRQ) sch = (PRQ)acQy“(a α AER) 
We have also 
#232341. +: Py econnex. q!(PRQ),s‘t» (PRQ) os Que (a ad‘Ryel.d. 
(P RQ) ccf a= (PRQ) sof Qy“(a Ω d‘R). (PRQ) se! a= ΠΟ). Ὁ,“ n τ} 
Hence we arrive at the conclusion that, if P,, is a series, and # is the 
linit of the function for the class Q,‘“(an(‘R), if # is a member of 
(PRQ)zcfa, it is its maximum (*232°352), while if # is not a member of 
(PRQ),.£4, it is its sequent (4232356), assuming (PRQ),.fa ¥ (PRQ),..a= OP, 
which, as we saw (*233°22), is generally the case, and assuming also P «Ser. 
On the other hand, if (PRQ),,‘a has no maximum, 2 is the minimum of 


(PRQ) sec; and if (PRQ),,“a has a maximum other than «a, this is P,‘a 
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(*232°357°358). This latter case is impossible unless 2 has an immediate 
predecessor, Hence we arrive at the following proposition: 


#*232°38. F:PeSer. Qf aeconnex. κα Δ ΘΟ ΓΤ ΟΡ. 
(PRQ)onQy ‘(an UR) e0 v(1—ClO“P,) >, 
limaxp"(PRQ)se‘a = limaxp(PRQ)se‘Qyf(an CR). 
liminp(PRQ)_g‘2 = liminp(PRQ)sa'Qy!(an O'R) 


Applying this to a series having Dedekindian continuity, we know that 
= A, and that the limax and limin always exist. Hence 


#23239. Ε:. PeSern Ded. =P. Q,econnex. R“CQCCP.D: 
(PRQ)osQu(an UR) e0¥1.D,- 
limax p“(PRQ)q¢{a = limaxp(PRQ)scQy(a ὁ UR) = 
limin p*(PRQ),ofa = liminp'(PRQ)xcQy!(a 0 CR) 
That is to say, if the value-series P has Dedekindian continuity, and 
contains all values for arguments in C‘Q, then, provided the function has 
a definite limit for the class Q,6‘(a ὦ 2‘R), this is its limit also for the class a; 
that is to say, any collection of arguments having the same limit or maximum 
as a given section will give the same limit for the function. 


4232-01. (PRQ)o't= PR, (Qyta) Df 

4232-02. (PRQ)p‘a=PR,(Qyt a) Df 

42821. κι (PRQ)a‘a= ΡῈ, (Qyt a) [(*232°01)] 
4232-101, Ε. (PRQ)oea = PR,, (yt #) =(PRQ) sofa (PRQ)eofa [(428202)] 
*232'11, 1:.a@¢e(PRQ)‘a.=: 


e 
D yeanCQad‘R.D,. ce Py Ran Qy6y) i 26 COP 
ent, 


90-41-42 . #281112. 
b:.we(PRQ)fa. sr yeanOQnCR.D,. ve Py R(Qyl αν ire OP : 
[x85 102]=:yeanCQn TR. d,. ce Py Ran Out”) :veO*P:. D+. Prop 
423212. +. (PRQ)eofa =p’ Py Ran) Qy(an OQ a OR) 9 OP 
[4232-11] 
κ282121. b sy = an CQ ὁ CER. D.(PRQ)qo6a =p Py Rey γε, ἐγ 0 OP 
Dem. 
F.*9013. 5+ 00 Ugly =an0Q n Oxy « 
[43726] Dk. Ran 049) = B“(anOQadRady'y) (Ὁ 
F.(1).*232:11.5+. Prop 


#238213, bran CQad‘R=Bn OQ aM‘R.D.(PRQ) cha =(PRQ) cB 
[%232°121] 
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4232-181, | .(PRQ)scfa = (PRQ)sf(anC*QadtR) [*23213] 

From the above propositions it follows that the values of (PRQ),c‘a, 
(PRQ)qcfa, and (PRQ),_‘a depend only upon =n C‘Qa C‘R; thus if a is not 
contained in ΘΟ ἡ (‘R, the part not contained in C‘Q ὁ C‘R is irrelevant, 


#23214. &:Qetransn connex.an O'Q~el.3.(PRQ)‘a= PR, (QE a) 
[4232°1 . ¥202°54°541] 


428215, bran 06 UR=A.D«(PRQ)aot =(PRQ)ot = (PRQ) oa’ = OP 
[%232°12°101 . 87-29 . *40°2] 

#232151. bi 1 P.(PRQ),a=A.d.qlanOQand‘R 
(*232'15 . Transp . 33°24] 

#2322, F:O*Qnd‘*RCa.>D.(PRQ),“0= PRQ 

Dem. 

+. 422-621 . #23211. 9 

Fi: Hp. Ds. 2e(PRQ) 08a - 

[κ231119] 


ἐψε Ὁ AOR. Dy swe Py RO Qy ty t 
τῶ ΒΟ τι D+. Prop 


{HM 


#28221. +: Py, Qf aeconnex.an Ὁ ὁ TRC Q“(an R“O*P) 2. 
COP = (PRQ)ec‘ υ (PRQ) soa 
[231-21 saad 


#23222. +: Py, κ᾿ aeconnex. R“(an OQ)COP. 2. 
ΟΡ =(PRQ) αν (ΡΟ). κα [231/22] 


4232-23, biyeCQnU‘R.D.(PRQ)at’y = Py Ry 
Dem. 
Εν *2382°11.*13191.5 
- «- 
Fs. Hp. 9:  (ΡΗρ) ty «=. 06 Py RE (γα Qyfy) i. DE. Prop 
#23224. +:Qetransnconnex. HK! maxg(an A‘R).D. 


(PRQ) soft = Py R'maxg(a n U‘R) 
Dem. 
+.*28214.5+:Hp.anOQn MT‘ Rvrel. od. 


(PRQ) ct = PR, {Ql (an GR)} 
[*231°4.%205°9] = Py R maxg‘(a nm A‘ R) (1) 
Εν *205°17 .*232:23:131.5 
bFranO*Qnd‘Rel.>.(PRQ),{a= Py Rimaxg(a nd‘R) (2) 
F.(1).(2). 5+. Prop 
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423823. bFraCU‘R.Dd.(PRQ)scha C (PRQ) sc Qyia 
Dem. 
«- «- 
Εν Ἀ96068, 9 Ετψερχκα. 3. (2). zeanCQ. Ομ ον. 
«-- 
[Fact.37°2]D.(qqz).cean OQ. Py Ram Qyiz) C Py Ran Oxy) Ὁ) 
+ (1).#232°11. D+: Hp. Φ (ΡῈ 0) χα. Di yeQy “a. Dd. rePy Ran Qe”) ἢ 
[κ9088] . 9 ΦΈΡ, R(Qy Κα δῷ, y): 
[*232°11} D: 26 (PRQ)sciQy fai. I+. Prop 
κ282.301. Ε. (PRQ)scfa C (PRQ) so! Qy!(an OR) 
Dem. 
 .#232'13.5+.(PRQ),.$a =(PRQ)c(ao O'R) 
[*232°3] C (PRQ)ecé Qyf“(an ASR). D+. Prop 
#23231. +. (PRQ)of0 C (PRQ) oa! Qul‘(an UR) 
Dem. 


Εν *232°301 > . 5}. (ῬΕρ).(α ς (PRQ) so! Ο κα “(1 (1) 
+ , #232301. (1). #232101. DF. Prop 
#23232, + :(PRQ),.§Qy(an UR) e0U1.3D.(PRQ)fae0V1 [23231] 
*232'33. +: Py, Qf aeconnex. ία CQ) CC'P.D. 
(PRQ),.fa¥ (PRQ),oa= (PRQ)ec Qe (an UR) vu (PRQ)oo! Qua a UR) = OP 
Dem. 
+ , «23222301 .3 


bs Hp. dD. OP C(PRQ) se‘ Qyét(a α UR) v (PRQ) so Qy f(a a UR) (1) 
Εν (1). #231181. 3 Ε΄ Prop 
#232'84. Ε: Hp¥282'33. (PRQ)-sQy(an O'R) =A.D. 


(PRQ)sc! a= (PRQ)sc6Qy‘“(a n 4). (PRQ) se! a= (PRQ ec! Qua A C‘R) 
[*232°33°301 . *24-482] 


¥232'341. +: Pyeconnex.q!(PRQ)ox‘a + (PRQ)co'Qx(an UR) e1.>. 


(PRQ) sc‘ a= (PRQ) ccf Qe “(ἃ n ah). (PRQ) se! a= (PRQ)sc!Qx(a n (“) 
[%231°192 . #23231 . *60°38}] 


#23235. +: Py econnex.(PRQ),.“Qy6(an AR) = te. Dd. 
_ -- ἫΝ ς«- 
(PRQ) soft C Py fa. (ΡΕΘ) μας Py Sx 
[*282-301 . #231191] 
¥*232°351. Fs Hp #23235. we (PRQ)c{a. 9. (PRQ) a= Pyle 
Dem. 


F.#231:13.5+:Hp. >. κω C (PRQ)yo‘a (1) 
Εν (4). #2382°35 . 9 F . Prop 
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#232352. | : Hp #282351. PL, GJ. 3. ὦ = maxp(PRQ),“a 
[¥211°8 . *205°197 « #232351] 
#232353. Ε: Hp *23235 .(PRQ)go'a U(PRQ)aofa= OP .ave(PRQ) fad. 


(PRQ),.‘a =P, ‘a 
Dem. 


Εν #23118. >+: Hp. d.ae(PRQ)sc‘ 
[4232/3581] >. (PRQ),<a= Pf: Dt. Prop 
4232354. Ε: Hp #232°353. P,, GJ. .2= minp(PRQ), fa | «282-362 | 
_ - 
4232'355. ΕἼ Hp #232353. 9. (ΡῈ0),(α -- Poa 


Dem. 
+ .428235. DE: Hp.d.(PRQ) aC Pia — ia 
[491542] CP. Sa (1) 
Εν #282353. D:Hp.d. ΟΡ — Pye C OP —(PRQ),Ka- 
[*202°101.Hp] > Puke C(PRQ)acht (2) 


F.(1).(2). DF. Prop 
*232'356. Ε :. Pe Ser. (PRQ)os'Qy(a n TSR) = ta. 
(PRQ) ga u (PRQ),o6a = OP «Ds we (PRQ) qq’ 32. ὦτα 8eqp'(PRQ) sot 
(4206°172 . ¥231°18 . #232355] 
4232/3857, +: Hp #232°35. P, GJ. ~E lmaxp(PRQ) qa. D.0=minp(PRQ)gofa 
Dem. 
+. *232°352. Transp. 2+: Hp... a~e(PRQ),.“a 


[4232-354] >. ©=minp(PRY)sfat Db « Prop 


4232'358, Ε: Hp *232-35. P,, CF. (PRQ) fav (PRQ)a=C'P. 
Ef! maxp(PRQ),.a. maxp'(PRQ)so'a+a.D.maxp(PRQ) (a Pit 


Dem. _ 
+. #232352. Transp. 3+: Hp.d.a~6¢(PRQ),,‘a 
[*232°356] D>. a = seqp(PRQ)so°a 
[*206°5] >. maxp(PRQ),.“a P,2:D+. Prop 


«23236, |:. PeSer.(PRQ)o‘Qai(an ASR) = te. 
(ΡΕρ) μα υ (PRQ)-o6a=C'P .D: 
φεί(ΡῈρ),.,.α.32. ob = maxp'(PRQ),.{a= minp"(PRQ)geta 
LE (PRQ)se' a— (PRQ)qcfa « 2. ᾧ τ max (PRO) ac! a= ΜΝ a: 


%e (PRQ) seta —(PRQ) fa. >. 2 =seqp'(PRQ)scf% = minp'(PRQ),o‘ 
[*232°352'354356 | 
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#232°361, Ε: Hp 982,36. ave USP, . 3. x = limaxp(PRQ),.'0 
Dem. 
Ε. *232°358 . Transp.) 
tr. Hp. >: E! maxp(PRQ),.“a. 2. maxp(PRQ),.“a= 2 (1) 
Εν #232°352 . Transp . 2 
Εν Hp. >:~+E! maxp(PRQ) Ma. 3.2 (PRQ) aha» 
[*232°356] >.a=seqp'(PRQ)a (2) 
+. (1). (2). *207°46. 9 +. Prop 
#23237, +: PeSer. (PRQ)os'Qyé(a ὦ OR) e 1 —Cl‘P,. 
(PRQ) sft ¥ (PRQ) fa = OP .D. 
limaxp"(PRQ)o'a= maxp"(PRQae'Qq‘(a0 TR) 
= E(PRQ)os'Qy “(ἃ a (8) 
[κ232.361.. *231°193] 


κ4359.38. +:PeSer. Ql ae connex. R(an OfQ)CCOP. 
(PRQ'Qu'(an UR) e0 ¥(1~CVO'P,). >. 
limaxp(PRQ),.“a = limaxp(PRQ)sc‘Q4i(an AR). 
liminp'(PRQ)ao‘a = limnp!(PRQ)ex‘ Ὁ κα ο CR) 
[*232'33°34'37] 
#23239. ΚΕ: PeSern Ded. P=P.Q,econnex. R“CQCCP.3D: 
(PRQ) oe‘ Qyf(an O'R) e0¥1.2.. 
limaxp( PRQ) sofa = limax p(P RQ) qo Qy(a ὁ TR) 
> = liminp"(PRQ)eo‘a = liminp"(PRQ)eoQy!(a ὁ OR) 
em. 
F .#201°63 . #23238. Db: Hp. (PRQ)os'Qy(an ΠΕ)εῦυ 1.3. 
limaxp(P RQ) sofa = limax p( PRQ)sc‘Qy“(a a ASR). 
limin (ΕΟ), κα = liminp"(PRQ)eoQy(an G‘R) 6) 
Εν 231-193 . Db: Hp (1). (PRQ) oof Qy(an U'R)el.d. 
limaxp'(P RQ) ac Qui (an UR) = lirninp(P ΕΟ), “Ὁ, (α a dR) (2) 
Εν ¥214'42,4232-33. 9 Ε: Hp(1). (ΡΟ), μα ὦ U‘R)=A.D. 
imax (0), Ὁ,’ (α ὁ CR) = "πη ΡΟ) Ὁ κα ὁ UR) (8) 
Εν. (1). (8). (8). DF. Prop 


-- > - > ε- 
κ252 8, | .(PRQ)-(Qia=O'P a 9 (σε “Ε.3,. ye Py RO Qian 0 Ο..9}} 
[*232°11] 


*¥232'51. +:Qetransa connex. E! maxo'(Q*a nd‘R).35. 
=. τῷὸ - -- 
(ΡΠ), ἐφ. = Py Rimaxg(Q'an ‘R) [κ28294] 
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#*232:511. ΕἼ: Qe trans n connex. ΕἸ} Rémaxg(O'a να)... 
_ > > -- 
(PRQ) ρα = Pyi Rimaxg'(Q’en (31) [κ28251] 
#23252. &:Qeconnex. γος Oe n (Q*y viyyndR=A.). 
-. - _ — 
(PRQ)so6Q'e = (PRQ)scQ'y [232-13] 
-: _ => _ > & 
#23253. ΚΕ: Qeconnex.ze Yan‘ R. OD .(PRQ)'Q*e = (ΡΟ) (ρα Qy fz) 
Dem. 
-~. τ 
F .*232°5.*963.9b:. Hp. ye(PRQ), “Qe. 9: 
— > = — «- 
ue Qian 2 n GSR. 3. ye Py BOQ a ἡ Oy fu)» Qyhu C Oy fe: 
a «- 
[κ29.621.κ239.11]9: (ΡΟ), (ρα α ζ χω) (1) 
-~. > & 
Εν Κ232111. B72. Db: Hp. ye(PRQ)ac(Q'an Qyfz). D: 
>  & > & 
ue Qian Qy fen MTR. dy. ye Py RA Qa n Qyfu) (2) 
—> 


[4963] Di we Qian Qylen UR. Dyaye Py RQ n Oyu) (3) 
— > & 
-- —_ 
[*232'5] D>: ye(PRQ),“Q%e (4) 


F.(1).(4). DF. Prop 


*233. ON THE LIMITS OF FUNCTIONS 
Summary of *238. 


There are four limits of a function as the argument approaches some 
term ὦ in the argument-series, namely the upper and lower limits of the 
ultimate oscillation for approaches from below and above respectively. If 
the ultimate oscillation for approaches to a from below reduces to a single 


term, we. if (PRQ).{Q'ael, that one term is the limit of the function for 
approaches to a from below. If this one term is also the ultimate oscillation 
for approaches from above, we may call it simply the limit of the function for 
the argument a. This may or may not (when it exists) be equal to the value 
for the argument a. It is characteristic of continuous functions that the limit 
exists for every argument, and is always equal to the value for that argument. 
Continuous functions will be considered in *234. 


The upper limit or maximum of the ultimate oscillation as the argument 
approaches a is the upper limit or maximum of the ultimate section. Hence 
if we put 

~. —> 
R(PQ)‘a = limaxp(PRQ),.£Q*a Df, 
the four limits of the function as the argument approaches a will be 
R(PQ)a, R(PQ‘a, R(PQ ‘a, R(PQ)\a. 
—> 
It will be seen that R (PQ)‘a is a function of Q‘a. It may happen that, if we 


put ἃ in place of Q‘a, the function will have a definite limit as the argument 
increases in a@, although ἃ has no limit or maximum. Thus if, for example, 
Q consists of the series of rationals, and P of the series of real numbers, if « 
is a class of rationals not having a rational limit, we may regard the limit of 
the function (if it exists), as the argument increases in a, as the value of the 
function for the irrational limit of a. In this way we can extend the domain 
of definition of a function. 


In order to be able to deal with the cases in which a has no limit, we put 
(PRQ)imx‘4 = limaxp(PRQ),.fa Df. 

If P is a Dedekindian series, (PRQ)ms‘@ always exists. If we take a to be 

any segment of Ὁ, we thus get a new function, derived from R, but having 

segments of Q instead of members of ΟἿὉ as its arguments. Thus if & had 

rationals for its arguments, this new function will have real numbers for its 


arguments. (Real numbers may be regarded as segments of the series of 
rationals.) 
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The function R(PQ)‘a is a particular case of the above; thus we take as 
our definition 


R(PQ)'a=(PRQ)nxG'a Df, 
or, what comes to the same thing, 
- - 
R(PQ)=(PRQhmx|Q Df. 
The following propositions of this number are important: 

#23315. Ε: PeSern Ded.(PRQ),.“a¥ (PRQ),.‘a = OP .(PRQ),,“a=A.D: 

(PRQ)tax“t = (PRQ)ima'@ εν ((PRQ) mx} Pr ((Ρ ἔφ). ) 
#23316. +:.PeSern Ded. = P.Qye¢connex. Ὅς ΟΡ. Ὁ: 

(PRQ)os'a 0 1. Das (PRQ)mx*t = (PRQ)tna“a 


#233'2—"25 are applications of the more important of the propositions 
#232'34—'39, showing circumstances under which the limit of the function for 
the class a is the same as for the class Qy‘“(an G‘R). 


#233°4 and following propositions apply the earlier propositions of *233 to 
—)> 
the case where a is replaced by Q‘a, and therefore (PRQ),‘a is replaced by 
R(PQ)'a. We have 
_ -Φ 
#283'43. |: P,.¢eSer.(PRQ),“Qael.2. 
- ῳ ΒΝ - 
Ἐ(Ρῷγα- R(PQ)‘a = t( PRQ) 66a 
- - =.  -Τ 
#233'433, Ε:. PeSer. Qf Qfaeconnex. ρα CCP. (PRQ),<Qa=A. 
EK! R(PQ)a. Et R(PQ)a.d: 
R(PQ)a= R(PQ)Ya.v.{R( PQ) a} P, [(R(PQ)‘a} 
#23345. b:.PeSern Ded. P= P.Q,econnex. RCQOCOP.9: 
ν _ > 
R(PQ)'a= BR (PQ) a. =a - (PROD ὠφψαεθυ] 
1.6. in a series having Dedekindian continuity, the necessary and sufficient 
condition that the two limits of the function as the argument approaches a 


from below should be equal is that the ultimate oscillation should not have 
more than one term. 


We have next a set of propositions (*233°5—-53) on the possibility of 
-- 
replacing Q‘a by a class a having ὦ for its limit, without altering the limits 
of the function. We have to begin with 
-- 
235880. Ετῴ εϑβογ. αι οοία α TR). 9. ρα -Ξ ρχ'(αο AR) 
in virtue of *207'291. Thence by earlier propositions of this number, 
-~. - 
*233:512. Ε : Hp *2383'5. PeSer. RM (an ΟΟ)ς COP. (PRQ) 56a =U. OD: 
a= R(PQ)'a=R(PQ)a:e=(PRQ)mx'a+V»(PRQ)mx'aP, w 


118 SERIES [PART V 


whence we obtain 
#233514. Ε: Hp *233°512. σους OP, .D.2=(PRQ)mx"t = (PRQ mx“ 
Thus if P, Q are series, and « is the limit of the function for the argument a 
(x being a term which has no immediate successor or predecessor), ἃ is the 
limit of the function for any class of arguments whose limit is a. Hence we 
arrive at the proposition 
#23353. +: QeSer. PeSern Ded. P=P.R“C'QCO’P aC dR. E! tga. 
(PRQ)os'QyfaeOvl.d. 
(PRQ)imx'0 = (ΡΟ). α = ἢ (PQ) tga = Ε (PQ) ‘ltg%a 
Thus if P has Dedekindian continuity, and ἃ is a class of arguments 
having a limit, and if the ultimate oscillation as the argument approaches 
this limit has not more than one term, the limit of the function for the class a 
exists, and is equal to the limit of the function for the argument Jtg‘a. 


423301. (PRQ)m.=limaxp|(PRQ),, Df 


423802, R(PQ)=(PROQ)miQ Df 

«238-1, Fs y {(PRQ)imz} a-=-y(limaxp) {(PRQ),fa}  [(*233°01)] 
#233101. Ε: y=(PRQ)ims‘a. =+ y = limaxp'(PRQ),.“a [%233'1] 

#233102. |: Et limaxp(PRQ) fa. = «(PRQ)ms"a = limaxp"(PRQ)ao‘a « 
JE!(PRQ)mox'a [*233°101 . #1428) 
#233103,  : Peconnex. >.(PRQ)mr¢ 1 —~» Cls [*207°41 . *233°1] 


κ23811. bs. PeSer.D:y=(PRQ)iméfa. = .ye OP. Pty = P( PRO), 
[%207°51 . *233°101] 
#233111. Ε- PeSer.! P“(PRQ),.“a.2: 
= => -- 
Y=(PRQ) κα .Ξ. Ply = ΡΙ(ΡΚΟῚ “ἃ [20752 . #233101] 
#28312. +:. PeSer..E! maxp(PRQ),,“a.D: 
-- —_ -- 
ῃ =(PRQ)mx'a = ye OP. Py =(PRQ) a0 
Dem. 
F. #23113 .*21141.5: Hp.d.(PRQ) a= P(PRQ)ofa (1) 
F.(1).*233°11.54. Prop 
*233'13. b+: Peconnexn Ded.D. 
Εἰ τ (ΡῈ 0)... α. (PRQ)ims‘a = limaxp"(PRQ)ecka 
[Ἀ288102.108.. κ914:11] 


#233'14. +: PeSer.(PRQ)ge6a 1.3. (ΡΕρ)ω.ἀ- ΡῈ 0), απ (ΡῈ ρ)ωα 
[κ231.198.. κ288:.109] 
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#233141. + :. Pe Ser. (PRQ),,fa v (Ερμα = ΟΡ. (ΡΚρ) .ἀ-ΞΔΛ.3: 
ΕἸ(ΡΕφ),α.Ξ. Ε! (P RQmx@ 
(#211°727 . *233°102 . *231°13] 
#233'142. Ε: Pe Ser. Qyf ae connex. 
Ran CQ) ΟΡ. (PRQ)os'Qa'(an TR) eOul. 
E!(PRQ)tax!Qué(an OR). (PRQ)mx“Qui(an U‘R)we OP, 2D. 
(PRQ)imx‘t = (PRQ)moxt = (PRY) ime Qy'(an AR) 


= (PBQ) tox’ Queé(a α CR) 
Dem. 


b. #281252. +: Hp.d.(PRQ)ims’Qyi(an 'R)=(PRQ) mx’ Qy(anGéR) (1) 
Ε. #232°37 . #23314. 3b: Hp.(PRQ)o'Qy(an 6.1}ε1.9. 
(PRQ) mx’ = (PRQ)imx°0 = (P RQ)imx‘ Qe‘ (an CR) 
= (PRQ)ims‘Qe“(an 6.1) (2) 
Εν (1) #23234. DF: Hp. (PRQ)ox'Qy(an G‘R)=A.D. 
(PRQ)ima‘a = (PRQ)ima‘Qy!"(a 9 UR) = (PRQ)ina’ Qy‘(a 0 OR) 
= (PRQ)mx'a (3) 
F. (2). (8). 345. Prop 
#23315. Ε: Pe Sern Ded. (PRQ)!av(PRQ)<a=O'P.(PRQ)a{a= A.D: 


(P RQ)imx't = (P RQ)imx' Vv. {(P RQ)imx‘a} P, ι ἘΦ), (αἱ 
[Κ214.48. κ288.18.. 251.18] 


#23316. +: PeSern Ded. P=P. Qyeconnex. 0 ζ6.}.5: 


(PRQ)os'a€0U 1. Das (PRQ)imx'¢=(PRQimx‘ 
Dem. 
Εν 423222.Db: Hp. d. OP =(PRQ)gcfav (PRQ) sofa (1) 
b.*201'65.3+:Hp.d.P,=A (2) 
Ε- (1). (2) «#2831415. D+. Prop 


428317. bran OQnU'R=A.d:y=(PRQ)imit. =. y= ΒΡ 


Dem. 
L .*232°15 . *233°101.) 


bk: Hp.D:y¥=(PRQ)mx‘4- 
(*206-2.%93'117] 


~y=limaxp'C'P. 
.y=BP:. 3+. Prop 


428-171, Fran Ὁ MRA. d.0{(PRQ) nxt =(PRQ)me‘a} 
Dem. 
Εν 498-102. DE .w (BYP = BP) (1) 
b.(1).*233°17. +. Prop 
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#233172. Fran C'QnMU‘R=A.E!(PRQ)mx‘a. E! (PRQ)ma‘a .2. 


(PRQ).far~e0ul 
Dem. 


+ .*233'171 .*232°15 .> 
Ε:Ηρ. 3. (PRQV nx! % (Ρ ἔρ)ιω.α ε (PRQ) og» (PRQ) xi + (PRQ)mxG « 
f*52°41] >. (PRQ),.<arve0ul:DF. Prop 


4283-178, :(PRQ)ogfae0 U1. E!(PRQ mgt» E!(PRQ)im,{as >. 
Mian CQad‘R [*233°172. Transp] 
#233174. Ε: PE J.(PRQ),fae1.d.qlanCQndsR 
Dem - 
b.*20012. Db: Hp. d.~ (CP C(PRQ),fa} « 
[*2382°15] >.qlianCQadR:D+-. Prop 
#2332. +:Q,[aeconnex. PeSer. Ran CQyCcP. 
(PRQ) os’ Qyi(an AR) =A. ES (PRQ)inx‘Qy'(an U‘R). 2. 
(PRQ)imx‘t = (PRQ)mx'Qy(an 658). (PRQ)imx’a = (PRQ) mx Qu (an TR) 
[4232°34..*211°727 . #233°102) 
#233-21. +: P.,eSer.q !(PRQ)oqa« (ΡΟ). Οὐχ “(an T'R)e1.d. 
(PRQ txt = (PRQ)imax'@ = (PRQ) ina‘ Ομ (α 9 TR) 
= (PRQ)ims'Qu(a α (41) = U(PRQ)o5°Qyf(a ὁ CR) 
[#232°341 .*231°193] 
#23322. b:. Pe Ser.(PRQ)o.'Qy'(an UR) =a. 
(PRQ)sfa ¥ (PRQ),..a = OCP .D: 


B= (PRQ)imxit Ve (PRQ)mxt@P, 2. (PRQ) nx" = max p'(PRQ),,‘c 
Dem. 


+ .#232'352.5+: Hp. we(PRQ),.(4.D.2=(PRQ) nxt (1) 
+ 232356. Db: Hp. ave(PRQ),.fa.~E! maxp(PRQ),.“a.D. 
=(PRQ)mx‘a (2) 
Εν #232'358 . 207-42. +: Hp. e~e(PRQ),.“a. E! maxp'(PRQ).‘2.D. 
max p"(PRQ)*a P,x. (ΡΟ). α = maxp(PRQ),,“a (3) 
F (1) .(2).(3). D+. Prop 
*233-23. Ε: Hp *233-22.>. 
w= (PRQ) nx‘ Quan O'R) =(PRQ)na’ Qe (an 4.8) [*231-193] 
#23324, +: Hp «238-22. 2veU'P,.2.0=(PRQ)imx‘a [233-22] 


4233-241, + : Hp ¥233-22. ewe CP, >. = (PRQ) nga τ (ΡΒ Ἔργα 


| 289245 . #25324 | 


SECTION 0} ON THE LIMITS OF FUNCTIONS 721 
#28325. ΚΕ: PeSern Ded. P?=P.Qy,econnex. R“CQCC'P.D: 
(PRQ) os Ὁ, andRycOvul.d. 

(PRQ)imx*% = (PRO) mx'Qei(an (1) = (PRQ)imx‘a =(PRQ)mx'Qy!(a n (4) 

[*232°39] . 

_ - 
2884. Fiy{R(PQ)}a.=.y{(PRQax} Oa [(*233:02)] 
_ => 
#233401. F:y=R(PQ)‘a.=.y ΞΡ. θα = [*233°4] 
#233402, Ε: Peconnex.3.R(PQ)e1>Cls [207 °41 } 
_ — 
#23341. Fiy=R(PQ)a.=.y =(PRQ)imx(Q'a ἃ TR) 
Dem. 
-_ = _ -- 

. €23213.954 .(PRQ),.$Q%a=(PRQ)((Qian UR) - (1) 

F.(1).*233°401:101 . +. Prop 
*233°42. Ε τ. Qe transnconnex.E! maxg'(Q'a nd‘R).D: 

-Ξ - 
y= R(PQ)a.=.y = limaxp’ Py Rimaxg(Q‘a α CU‘ R) 

[292-24 . 233-401-101] | | 

#233°421. +: Pe Rin trans. Ὁ ¢ trans mn connex. Rémaxg(anG‘R)eC'P.>. 
—> 

R(PQ)‘a = Rimaxg'(Q‘a n 641) 


τ 


Dem. 
Ε. *233'42. D+: Hp. d:y=R(PQ)a.s.y= limaxp'Pyf Rimaxe'(Q'a n Ud‘). 
[205-197 } y= Rimaxe(Q‘a n G‘R):. D+. Prop 
4283-422, Ε: Q'an(@‘R=A.D:y=R(PQ)a.s.y=BP [*28317] 
4238498, t:Q'an (i R=A.>.~{R(PQ)'a=R(PQ)a} [#233171] 
4238-424. b:Q'an(‘R=A. ΕἸ R(PQ)‘a. E! R(PQ)‘a.>.(PRQ),‘Q'a~e0ul 


[*233-172] 
#233425, :(PRQ),$Q'ac0ul EB! R(PQ)a. ΕἸ R(PQ)a.5.q!Qandk 
[*233'424. Transp] 


4238-426, Ε: PGS. (PRQ)Oael.D.q!Q'anG‘R [#238174] 
4233-43. 1: P,,eSer.(PRQ)a(Q'ael. a . 
R(PQ)'a = R(PQ)'a=t(PRQ)o_'Q'a [%231193] 
#233431. +: Pe trans qn connex . (PRQ),,Q'a~e θυ]. 
E! R(PQ)'a.E! R(PQ)'a.>. (Ε (ὅρ)α) P{R(PQ)‘a} 
[4215-52 . *231°13101] 
*233°432. +: Pe trans qn connex . (PRQ) oa =A. 
E!R(PQ)'a. E! R(PQ)'a.>.{R(PQ)a} Py{R(PQ) a} [*215°53] 
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#233433. b:. Pe Ser. Quel Qa econnex. Ré Qa CCP. (PRQ)‘Q'a = A. 
E!R(PQ)‘a. E1R(PQ)'a.3: R(PQ)'a=R(PQ)'a.v.{R(PQ)‘a} P, {R( PQ) a} 
[215-54 . 4232-22) 
-- — 
#4233'484, b: PeSer. Qy[Q‘aeconnex. ρας CP. ἘΠῚ (ΡΟ) a. 
E!R(PQ)a.>.({B(PQ)a} (P,w Py) {R(PQ)‘a}  [«233'43-431-433] 
v -. => 
*233°4385, : PeSer. ΡΟ) α τ (PQ) a.D. (PRQ)“Oiac0ul 
[*233'431 . Transp] 
- > 
*233'44. ΕἸ: PeSer. Οὐ Qfacconnex. R“QiaC CP. EL R(PQ)a. 
E!R(PQ)a.~{R(PQ)aeD*P,. R(PQ)ae MI‘ P,}. 3 
v -_. > 
R(PQ)'a= R(PQ)a.=.(PRQ)o/Q'ae0uUl [*233-426-43:433°435] 
*233'45. b:. PeSern Ded. P= P.Qy,econnex. ROCQCCP.O: 
υ _ - 
Ε(ΡΩ)α- (ΡΟΥα.Ξ,. (ΡΕΟ) Θ'αεθυ] 
[κ23818. *201°65 . κ288.44] 
—)> 
"2335. b:QeSer.a=lto(an 641)... ρα Ξ Οχ' (αι UR) [207-291] 
-- 
κ258.801. Fs. Qe Ser. a=ltg(anG‘R).d:q!QandR.= ἴα. ΟΘΔΟ ΕΚ 
Dem. 

---» . 
b.*233'5.9b:.Hp.diqiQandR.=.q!Qy(an ΠΕ) ΟΕ. (1) 
[*37'29°265 ] πῖαρ ΠΕ CQ (2) 
Εν. 90°33 . κ22.45, ΕΣ  “σεα αι ΟΥ̓  ΠΚ.2. σε ρ  (αλ “Ε). ΖΦ (Ἑ (8) 
Ε.(8). 1028. DkiqlanCQnd‘K.d. πὶρ μία. ΠΕ) ΟΕ. (4) 
F.(1).(2).(4). 34. Prop 

_ = 
*233°51. | : Hp *233:5.PeSer. B“(anCQ)COP.(PRQ)“Qa=A. 
E!R(PQ)a.>.(PRQ)n,{a= BR eva [*233°2°5] 
#233511. +: Hp *233'5. P e Ser. ft! (PRQ)o4!a » (PRQ)..Ga ε 1, >. 
(PRQ) mx‘ = (PRQ)im'a = B (PQ)'a = R(PQ)a= t(P RQ)o<Q°a 
[*233-501°5°21] 
#233512, +s. Hp #2335. Pe Ser. R“(an 0'Q) COP. (PRQ)afQ'a= la. D: 
a = R(PQ)'a= R(PQ)'a: @ =(PRQ)jnc't -¥«(PRQ)ma't Py 
[*233°22:23 . *232°22] 
#233513, + : Hp *233'512 .c~reU'P,.3.2=(PRQhmx'a [#283512] 
#233514. + : Hp #233512. ave OfP,. 3.0 =(PRQ)inx‘a= (ἤρα 


| 233513 3 #239518 | 
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*233'515. Ε: P, QeSer.a=lte(an U‘R). R“(C'Qnal COP, 
_ - 
(PRQ)o.‘Q'acOvl. HI R(PQ)‘a. R(PQ)a~e ΟΡ... 
(PRQ)iax'* =(PRQ)imx‘a = R(PQ)'a = R (PQ) a 
[#233'142'5] 
*233:516. : P,QeSer. HE! R( PQ) tg’a. R(PQ)ltgfave OP, . 
-_ = 
RCO ana) COP .(PRQ),.‘Oltg'acOul.d. 
(PRQ) mx‘ = (PRQ)mx'a = RB (ΡΟ). = B (PQ) Πα 
[#233-515] 
*233°52. + :. Hp *238'5.PeSern Ded. P=P.R“OQCOP.3S: 
_ = 
(PRQ),.Q%acOvl.d. 
(PRQhmx‘ = (PRQ)im‘a= Η (PQ)a=R(PQ)a [#23325] 
*233:53. +: QeSer. PeSern Ded. P= P.RSCQCOP.a CGR. E! ltgsa. 
(PRQ)os'Qa'aeOvl.d. 
(PRQ)ims‘a = (PRQ)hmx‘a = K (PQ) ltg'a = B (PQ) tafe 
[*233°52] 


46—2 


#2384. CONTINUITY OF FUNCTIONS 


Summary of #234. 


In the present number we are concerned with the definition and analysis 
of the continuity of functions. The following definition of continuity is given 
by Dini*: 

“We call it [the function] continuous for «=a, or in the point a, in which 
it has the value f(a), if, for every positive number a, different from Ὁ but as 
small as we please, there exists a positive number ε, different from 0, such 
that, for all values of 5 which are numerically less than e, the difference 
f(a+6)—f(a) is numerically less than σ. In other words, (x) is continuous 
in the point «=a, where it has the value f(a), if the limit of its values to 
the right and left of a is the same and equal to f(a)...” 

By the second form of the above definition, the function R of previous 
numbers is to be called continuous at the point a if 

R(PQ)‘a= R(PQ)‘a= R(PQ)‘a = R(PQ)'a = Rea. 
The first form of the definition can also be so stated as to be free from any 
reference to number, and derivable from the ideas dealt with in the previous 
numbers of the present section, For this purpose, instead of “a positive 
number o,” we take an interval in which R‘a is contained, say P (2 -- ὦ). 
Similarly the “values of ὃ which are numerically less than e” are replaced by 
arguments in a certain interval containing a, 

By #*233:423, if the limits of the function as the argument approaches ὦ 
are to be all equal, a must not be the maximum or minimum of U‘R. We 
therefore take the interval containing a to be an interval in which the 
end-points are not included, say Q(y—7). Thus our definition becomes 
(A) Rae P(z—-w).d,0- 

(αν, y)-yy eTR.aeQ(y—y’)- RAQyry)CP(2—w) 

We require further, what is tacitly assumed in Dini’s definition, that R‘a 
is a member of C‘P which has no immediate predecessor or successor, 1.¢. 

RiaeC*P—CP,. 

In order to deal more easily with the above definition, we analyse it into 
the product of four factors, which concern respectively P and Q, P and Q, 
P and Q, P and Q. In the first place, it is obvious that (A) is the product of 


(B) RiacP (c—w). Dz 0+ (Hy). yeM Raye Qa. R“Q(yH a) C P(e—w) 


* Theorie der Functionen einer verinderlichen reellen Grisse, Chap. rv. § 80, p. 50. 
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and a factor obtained by substituting Q for Q in (B). If Qy econnex, and 
P. ¢Ser, (B) is the product of 
> — => 
(C) δα ει. Iw. (Hy) ye TR. ye Oa. RQ (yr a) C Py 
and a factor obtained by writing P for P and z for w in (C); and in virtue of 
Ria~eOP,, (C) becomes 
—> — — 
Riae Py w- Dw (Ty) ye TR. ye Oa. RO (yr a) C Pw, 

1.6. if 0 is transitive, 
(D) Rae P, οὐ. 3... (ρα Ὁ: B)on (δ. w) 

Hence the function is continuous for the argument a if a satisfies (D) and 
the three other hypotheses resulting from replacing P by P, or Q by Q, or 

P and ᾧ by P and Q. If we substitute # for R‘a, and Q for Out Qa, 
(D) becomes 

> & «- 

() Py Pyoft C Qn R 

Hence continuity can be studied by studying the hypothesis (E), and 
replacing « by R‘a and Q by Qy[Q‘a. 

The hypothesis (E) is an interesting one on its οἱ own account. We put 

se(P, Qi R=OP δ ΤῊΝ Pha ς Ὁ..“8) Df. 
Thus “#esc(P, Q)'R” means that « is a member of the value-series such 
that, if y is any later member, the function ultimately becomes less than y. 
If we put further 
os (P, QYR=sc(P, QR asc(P,QyR Df, 

then, if # is a member of os(P,Q)‘R, the function ultimately becomes less 


than any later member of ΟἿ, and greater than any earlier member. 
Hence « is the limit of the function as the argument increases indefinitely, 


=> — 
Hence, if we substitute Qy[ Qa for Q, and if weos(P, Qyf Q’a)‘R, w is the 
limit of the function as the argument approaches a@ from below, 1. 
R(PQ)‘a=R(PQ)a=«. 
(This is proved in *234°462.) Hence, putting Ra in place of w, the function 
is continuous from below at the point a if 
- 
R‘acos(P, Qyf ΟΕ, 
and is continuous from above if 
. & 
Réacos(P, Qe f Qfa)fR. 
These results, and various others connected with them, are proved below. 
The equivalence of Dini’s two definitions is proved in *234°63. It will be 


observed that practically nothing in the theory of continuous functions 
requires the use of numbers. 
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We use the symbol “ct(PQ)‘R” for the class of arguments a for which 
the limit of the function for approaches to a from below is R‘a. Thus, in 
virtue of what was said above, we may put 


ot (PQ) R= 4|R'acos(P, Qyt QoofaR-OP} DE 
Then a function is continuous at the point ὦ if a belongs to the two classes 
ct (PQ)'R and ct (PQOYR. Hence we put 
contin (PQ)'R =ct(PQ)'Ract(PQ)R Dé. 


The function # is continuous with respect to P and Q if it is continuous for 
all arguments in C“Q. Thus we put 


Peontin Q= Rk {q1O'Qn GR. C'Qad*RCcontin(PQ)‘R} Df. 


Our propositions in this number begin with the properties of sc(P, ΟΥ̓ Καὶ 
and os (P,Q)‘R. We have 


#234103. |: P,,eSer.% los(P,Q)\R.D. PR,.Qe0vl 


Thus the hypothesis q!os(P,Q)‘R enables us to use propositions of 
previous numbers having the hypothesis PR,,Q¢0v 1. 


The identification of our definitions with the usual definitions of continuity 
of functions proceeds by means of the proposition 


#23412. +::Q,econnex.3:.c2e0s(P,Q‘RaD‘Pad‘P.=: | 
aeDfP aM Pia P(z—w). 3, ὦ. RQ {P (z - ὦ} 
We have a collection of propositions dealing with the relations of 
sc(P,Q)‘R to PR,@ and PR,Q. sc(P,Q)‘R is an upper section of 
P (#284131); sc(P, Q)‘R is the complement of P“(PR,,Q), 1.6. of PRQ 
without its maximum (if any). This is expressed in the following pro- 
position: 
#234174, |: P,,eSer. Qy econnex. R“CQCC*P.D. 
=> -- 
CP nv P “sc (P, QR = Ρ(ΡΕ, ρ)Ξ CP —sc (P, QYR 
We thus arrive at 
*234°182. Γ: PeSer. Qy econnex. Ὁ ζ 6.5. 
— τς — 
limax p(PR,,.Q) = minp‘sc (P, Q)'R 
~ _ - ve 
Thus os (P, Q)‘& is contained in maxp"(PR,,Q) ν minp(PR,,Q) (#234201), 
and therefore has not more than two terms (*234°202). If PR,.Q has one 
term, this is the only member of os (P, Q)'R (*234208). If os (P, Q)‘R has 


two terms, they have the relation P, (*284°242); hence if P is a compact 
series, and os(P,Q)‘R is not null, its only member is both limaxp‘(PR,.Q) 


and liminp(PR,,Q) (*23425), while conversely, if limaxp'(PRyQ) and 
liminp(PR,,Q) are equal, each is the only member of os (P,Q)‘R (#234251). 
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al 


We now apply the above results to the limits of a function as its argument 
approaches the limit of a class a. This is done, as before, by substituting 
Qf a for Q. We arrive at the proposition (#23438) that if P has Dede- 
kindian continuity, and os(P, Qf a)‘ is not null, its only member is both 
(PRQ)mx‘a and (PRQ)mx‘a, te. is the limit of the function as the argument 
increases in a. 


- 

We then take for a the particular value Q,,‘a, so that we become concerned 
with what happens when the argument approaches a from below. For the 
comparison of our definition of continuity with such definitions as the one 
quoted from Dini above, we have 

- 
#23441. 1: εἴτᾶῃβ. Qf κα εσοπποχ. 9 :- 
- 
«eos(P,Q,yf Qa) RaDiPad'P.=: 
aeD£‘PaM'Piae P(z-—w). D2 
—> 
(ay) yeQan dR. RQ (yr a)C P(z—w) 
J.e. if x is neither the first nor the last member of the P-series, x belongs to 


os (P, Qyt Q'a)'R when, and only when, given any interval P (z—w), however 
small, in which αἱ is contained, there is an argument y earlier than a, such that 
the value of the function for all arguments earlier than a but not earlier than y 
lies in the interval P(z2—w). 


We deduce from previous propositions that, with the usual hypothesis as 
to Q, if P is a Dedekindian series, 


R(PQ)a = liminp‘sc (P, Qyl Qra)'R (4234422), 

and if P is a series and os(P, Qyf Οἷα) is a unit class, its only member is both 
R(PQ)a and R( PQ)‘a, te. is the limit of the function for approaches to a 
from below (#23443), The following proposition sums up our results: 
#23445. b:. PeSer.Qetrans. Qyt Qa econnex. ΓΝ ζςρ.Β:Ρ.5: 

q tos(P, Qf Q'a)'R .=.08(P, Qu (Ὁ. =i'R(PQ)a. 
03 (P, Qyt Q'a)‘R=UR (PQ). 
. R(PQ)'a= R(PQ)a 


lil 


-Ὁ 
Thus qtos(P, Qf Q‘a)‘R is, in a compact series, the necessary and 
sufficient condition for the existence of a definite limit of the function as 
the argument approaches ὦ from below. 


- 
Without assuming P? = P, if ὦ is a member of 08 (P, Oy [ fa)‘ A, and if ᾧ 
has no immediate predecessor or successor, so that in the neighbourhood of « 
the series is compact, we still have c= R(PQ)'a=R(PQ)‘a (234462). 
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We next consider ct (PQ)‘R. By the definition we have 


42345. traect(PQYR. =. Riacos(P, Qyl Qnoa)'R — CP, 

Thus ὦ is an argument for which the function has a single value which 
has no immediate predecessor or successor in P, and which, in virtue of 
*234°462, is the limit of the function as the argument approaches a from 


below (*284°52), The cases when R‘a=B‘P or R‘a= BSP require special 
attention; excluding these cases, we arrive at 


#23451. Ετι Qe trans. Oy ra econnex. Rae D‘PanM‘P.35:. 
aect(PQ)YR.=: Rave O'P,: Rac P(z-w). dz ws 
(Hy) y <a ΛΟ. RQ (ya) CP (z~-w) 

This proposition is analogous to *234°41. 

We prove (*234°562) that if P, @ are series, and ἃ is any class of 
arguments for which all the values belong to C‘P, and if a has a limit at 
which the function is continuous from below, then the limit of the function, 
as the argument increases in a, is the value of the function at the limit of a. 


We next consider contin (PQ)‘R, which is defined as ct (PQ)‘R a ct (PQ). 
We show that if P is a series whose field contains R‘*Q‘a, and Q is transitive, 


and Q» Oa is connected, and R‘a is neither BSP nor B‘P, then if a belongs 
to the class contin (PQ)‘R, R‘a is the limit of the function for the argument 
a for approaches either from below or from above (*234°62). If P is compact, 
the converse also holds (#23463). Our definition of a point of continuity is 
thus identified with the second form of Dini’s definition quoted above. It is 
identified with the first form by the following proposition: In the circumstances 
of *234°62, if Πα «Ὁ n (“} we have (*234°64) 
a econtin(PQ)'R.=: RacC*P —C'P,: Rac Ρ (4-- ὦ). 3, ὦ. 

(ayy) yy eTR.aeQy-y') RQYHY)CP(z-w), 
2.€.@ 18 a point of continuity when, and only when, the value A‘a for the 
argument ὦ is a member of the P-series having no immediate predecessor 
or successor, and if Aa is contained in the interval P(z¢—w), then, however 
small this interval may be, two arguments y, y’ can be found such that a@ lies 
between them, and the values for all arguments from y to y (both included) 
hie in the interval P (z—w). 

We end with a few propositions on continuous functions. The last of 
these (*234°73) states that, if P is a compact series and Q is transitive and 
connected, then R is continuous with respect to P and Q when, and only when, 
it has arguments in C*‘Q, and for all such arguments a we have 


R(PQ)‘a = R(PQ)'a = R(PQ)'a = R(PQ)a = Ra, 
1,6. the value for every argument is the limit for that argument for approaches 
either from above or from below. 
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χ08401. 80(P, QR = OP (ΡΒ P, κα C Qua R) Df 
423402, 08 (P, Q)'R=s0(P, QR se(P, QR Df 
4284-03, ct (PQ) R=4(R'aeos(P, Ql Q,01a)'R-O'P} DE 
#23404, contin (PQ)'R =ct (PQ)'R net (PQYR Df 


#23405. PcontinQ=Riqi0'Qa ΠΕ. Ὁ ὁ GRC contin(PQ)R} Df 
#2341. trawesc(P, QYR.=:eeO§PiaPyw. dws ἤρα. (Prot : Ν 
ΞΕ ΟΡ: οῖυ 9... (Gy) γε Qn. ROY C Ρο 
[230°11 . (#284°01)] 
#234101. +: P,,eSer.vesc(P, Q)R.D.PRQ CPy ‘a 


Dem. 
Εν *40°16 . (#23401). 


" 6 [1 «ἦγ, ‘P έ ΓΙ «ep 6 cP 
b:Hp.d.2eO'P. pi Py" Quant hn OP Cp! Py Po Pot AC 
- 


«- 
[*91°574] C pf Prof Poa a ΟΡ 
- 
[*204'65.%91°602] C Pye (1) 


F.(1).*281:1. 55. Prop 
#234102. +: P,,¢Ser.x2¢os(P,Q)R.3. PR QC ua 


Dem. 
_ - «- 
Εν *234°1°101 . (#23402). 5Ε: Hp.. D.ceC*P. PRQC ΡΟ Pyke 
[*200°39] >. PR,,Q Cua: D+. Prop 


#234103. +: P,,eSer.qios(P,Q)R.D.PR,,Qe0ul 
Dem. |+.*284102.3+:Hp.3. (qa). PR,.QCi@. 
[*5 1-401] >. PR,.Q¢0u1:D+. Prop 


- 
Ἀ2894104. +: RQ,, (Pyiz). Dd. cesc(P, QR 
Dem. 
~ — 
+, #9152. DhiaP,.¢.9. Pyke C Piz (1) 
> 
b. (1). «230211151. 5 τ Hp. Dr @Pyo2z- 9,. ἔθ (Ppoie) swe ΟΡ: 
[*234-1] D:avesc(P,Q)R:.9+. Prop 


-Ὁ 
Ἀ294105. ΕΣ: P,,«eSer.vesc(P, 2). α DIP, 13. RQ (Px) 
Dem. 
+. *201°63 . *121:254.5b:: Hp.aP,z. 3: yP 2. Dir (Poy): 


[*202°103] ιν ον. πὸ () 
Εν (1). 9154. 58: Hp-aP,s. 3: Pyle Pye Ν 

[4230°211] D+ RQan (Prot) +> + BQen(Pu’@) (2) 
Εν #2841. Db :Hp. Dd. (qz)- @P,z» RQen (Poot?) (3) 


F.(2).(3). Db. Prop 
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When a~e D‘P,, the above proposition is not necessarily true: it may fail 
if α = minp‘sc (P,Q) R. 

It is to be observed that sc(P, Q)‘R and os(P, Q)‘R are functions of P,,, 
so that they are unchanged when P,, is substituted for P. Hence the 
hypothesis P,,¢Ser is as effective, with regard to them, as the hypothesis 
PeSer. This is stated in the following proposition. 


#234106. + .sc(P, Q)R Ξε βο (Po, QR. 08 (P, QR =08 (Po, QR [*234'1] 


> & «- 
#234107. b:.2eC'P—-D°P,. Dd: xvesc(P, QR. =. Py P, eC QR 
Dem. 
bt. #121254. 9 Ὁ τ, Hp.dsareD(P,,): 
[*201-61] D:a~ve DUP, +P,,7f : 
(%10°51] D:aP,,.y.2.aP,,2y. 
- — 
[*91°574] 9. (2). oP, 2. χες Proty (1) 
b.(1).*230°211.D 
> - 
Εν ΗΡ ΡΥ .9ν. ἔρ Ρκν 9 τῷ ον «90... RQen Poy (2) 
Ε. #9154 .%2380°211.95 
- -- 
ιν @P oY «Dy» ἔρια ρον τ Dt BP yoy» Dye ἔθ ΡΨ (3) 
᾿ > ς- «- -Ξ2.ς- «- 
Ε. (9). (8).39}:.Ὲ}».39:} ΡΟ Qa! Re Ss ΒΡ, Ὁ Qenf BR (4) 
+. (4). 9841. 5+. Prop 
#28411, ti.~@eDSPaM'Pive P(z—w). 9. ὦ. RQ. {P(z—-w)} i: 
eeDf$Pand'PiaeP(e-w). 9, ὦ. 
«-- 

(qy)- ye CQnGR. ROY CP(z—w)  [*230°11] 

#284111. Ετ ε ΠΡ aU‘ P:a6 P(e —w). 95... ρα [ (2 -τ ὦ} id. 


weos(P, QR 
Dem. 


+ .*230°211.5 
-- 
ΕΣΗΡ.9:. ΦεΡα OP 1. @Py wi (Gz). Ὁ φρο τ ye RQ Γ᾿ ρου τ. 
- 
[91.804] Dive Ὁ: ρου. Dy» RQ Pool ie 


[#2341] D:.eesc(P,Q\R (1) 
Similarly :Hp.>.sc(P,Q)‘R (2) 
F.(1).(2). DF. Prop 


*234:12. | ::Qyeconnex.>:.2e08(P,QRaDSPad'P.=: 


weDfPaMd'P:x¢P(z—w). 22». RQ, {P(2-w)} 
Dem. 


Εν 9841. Db: ae 0s(P,Q)RaDPad'P.=: 
> . «- 
φεῖΡ n OP 2 Py» Dw» θα (Ppokw) : 2P yo «Dz» ἔρ (Pyo82)! 
—_> 
[411-71] =:aeD'PaC*Ps 2Pyot.@P yt «Dz, ὦ. BQen (Pog!) RQen(Prof2) (1) 
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—> «- 
+. *230°42.9F:.Hp. 3: ρα, Poot » θα (Pot) + = - 
<— > 
RQen (Poke 0 Pry fW) (2) 
F.(1). (2). #1211. 5+. Prop 
—_ v 
#234121, |. BEPC sc( P,Q) R [*93104. (*234-01)] 
#234122. | :. P,,econnex.2@=BSP.9: 
— — 
aeos(P,Q\‘R.=.vesc(P, Q)‘R.=.P, “APC QR 
[#234°121 . (4234-02) . *234-1 . %205°253] 
— 
*23413. Fsaesc(P,Q)R.D. Pyfa Csc(P, QR 


Dem. 
«- «- 
Ε . *96'3 ~*91'74.%90'18. 2 Ε :@PyzZ. 2. Pi, eC Ppfa.zeCP. 
> ς-- «- ς- 
[κ87.2] D . Pog Prgfe C Pro Pyofa.zeC'P (1) 


+. (1). (23401). D+. Prop 


4234-131. + .ac(P, Q)\R= P,se(P, 0).1. sc (P, Q)' Be sect’ P 
Dem, 


b.#90°21 . #2341. 9 Ε.856(Ρ, QR C Py se (P, Q)'R (1) 
Εν #28418. D+. Pyfse (P, Q)'R Cae (P, 0.8 (2) 


F.(1).(2).#211138.95. Prop 


«- νος 
*234:14. 1: Qyeconnex.wesc(P,Q)R.D.veC'P. Pf C ΡΗ,Θ 
Dem. 


—> 
F.*2841. 5b: Hp.  : ΕΟ Ρ ΡΖ. Des RQen (22). 


- 
[*230-211] Dz» RQen (P»é2) 
[Κ281141] D,.zePR,.Q 1. Dt. Prop 


*234°141, +: Qy,econnex. qisc(P,Q\‘R.3.q! PR,.Q [*234-14] 
#234142. Fig isc(P, QYRaDIP.D.q1CQan dR 


Dem. 
#2341.) 
tr.cesc(P, QYRaAD'P.D:2eD'P:(qw).aP,w.d.qiCQadR: 
[*91°504] ϑιη il CQand‘k:. DF. Prop 


423415. +: Py, Qyeconnex .y !8c(P,Q)'R. D+ PRyQ v PR,.Q = ΟΡ 
Dem. 
+ 231-202. x284141.3+:Hp.>.C*P—PR,.QCPR,Q (1) 


Εν #2811. D+. PR,.Q v PR,.Q COP (2) 
F.(1).(2). 3b. Prop 
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#23416. ΕἼ P,,eSer.Qyeconnex.). 
— —> ν ΜΝ 
PR,.Q C p'PyMsc (P, Q)'R . Pygf'sc (P,QYRCPR,Q [κ984101:14] 
ες - 
#284161. Ε:ὕ. Poe Ser. ΠΟ ΟΡ PR,QC Pyia. 3: 
= > - 
PRQ = Ρκίαιν. RQen (Px) 


Dem. 
b.¥281-24. Db: Hp. ~ [RQen(Pefa)} «D+ Pia C PR,.Q 
[Hp.*22°41] >. Pye = PR,.Q:D+. Prop 
4234162, t: P,,eSer. R“C'QCOP. Py'a= PR,Q.2eCP.>. 
wesc(P, ΟΥ̓Κ 
Dem. 
Εν 2025.3: Hp.aP,,2.):2~¢ PR,Q: 
[x231-19] Di (qy)yeCQnURizve Py BOY γ: 
[211-56] Ds (qy)-yeCQnGR. Pylt REQ! yCP.fz: 
[*90°33] Ds (qy) ye O'Qn MR. BQyty C Pz: 
[#290°11] 9: RQ (Poof) (1) 
Ε. (1). #2341. 35. Prop 


423417. b:.P,,¢Ser. R“OQCCOP.D: 


- -» 
wesc(P,Q)’R.=.26eO'P. PR,.QC Ρ, 
Dem. 


-- =~ 
F.*2341101.5+:. Hp. d:vesc(P,QYR.D.ceC'P. ΡΝ ΟΡ (1) 
_ => 
Εν *284-161162104. 3+: Hp.d:v2eC'P. PR,QCPya.2. 
vesc(P, QR (2) 


F.(1).(2). 3+. Prop 
4234171. ΕἸ P,,¢Ser. ΚΟ COP. ze CP —se(P,Q)'R.D. 
Pyfa C P“(PR,.Q) 
Dem. 
Εν #23417. DE: Hp.d.q! PR.Q— Lyfe (1) 
b.(1) #21136. 4281-18. : Hp. d. Ρμ CP,“ PR,.Q) (2) 


Γ. (2). κ281:134.9Ε. Prop 


Ἐ234172. Ε: Pe Ser.d.C’P—sc(P, QyYR=CP a p'P,.fs0 (ΡΟΣ ΑΕ 

Dem. 
b.#200°5.3t: Hp. d.O'Pap'P, se (P,Q RCOP—sc(P,Q'R ὦ 
F.*234131.5 
Fiwesc(P,&) Ri ye C'P—se(P,QVR.D.~(aPyy).a, ye OP. 
[202-103] D.yP, oa (2) 
Εν (1).(2). DF. Prop 
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- 
Ἀ234.178. 1: P,, εἶβϑϑυ. ἢ 186(Ρ.0}.}.9. 6 -- 86 (, 9) = p'P,, “se (P, OR 
[x234°172 . *40-61 . 437-15] 


#234174. +: P,,eSer. Qyeconnex. R“OQCCP.D. 
-- -- 
OfP a p'P,, “sc (,0}.Ε-Ξ P*(PR,.Q) = ΟΡ —sc (P, QR 


Dem. 
.#284171172. Dt: Hp.d. Py{OP 0 p! Pose (P,Q) BR} C P“(PR,Q) « 
[x90°21] 9. ΟΡ ap P,, se (P, QR C Pi (PRecQ) (1) 
b . #234°16.487°2. +: Hp.d. P«(PR,.Q)C ΡΒ se (P,Q ER 
[¥40°37.%91-52] Cp'P,,sc(P, QR (2) 
Εν ΚΩΤΊδ. D+. P*(PR,,.Q) C D‘P (3) 


Εν (1). (2). (8). #284172. +. Prop 


- 
*234:175, | : Ηρ κ284174, ἡ tsc(P, QR. 3." }..“5.(.0}}ῈΞ Ρ(ΡῈ, 0) 
[κ984174. Κ4061.. κ31:18] 


*23418. +: P.,«Ser. Qyeconnex.  Κ(ΟἹΡ.9. 
CP =sc (P,Q) Rv P“(PR,.Q) «sc (P,Q) Ra P(PR,.Q)=A. 
sc (P, Q)'R = ΟΡ — P“(PR,.Q) 


Dem. 
Εν #234174 .424-411.3+:Hp.>.C*P=sc(P, 0)» Rv P(PR,.Q) (1) 
+ 284174, D+: Hp. >. P*(PR,,Q) C p'P,.se(P, QR. 
[*200°5] D.sc(P, QR a P(PB,.Q) =A (2) 
24402 . #234174. D+: Hp.d.sc(P, Q)'R=C'P — P“(PR,.Q) (3) 


F.(1).(2).(8). DF. Prop 


In virtue of this proposition, P““(PR,,@) and sc (P, Q)‘R are complementary 
sections of P, 1.6. they constitute a Dedekind cut in P. 
#234181. +: P,, eSer.Q, econnex. R“OQCCP.D. 
-- -- - 
PR,,.Q 8. (Ρ, ΟΥ R= maxp(PR,.Q) - 
= - -- 
56 (Ρ,. 0. = (C'P -- PR,,Q) v maxp(PR,Q) 


Dem. 
Εν ¥23418.3+:Hp.>. PR,.Q asc (P,Q) R= PR,.Q — P!(PReeQ) 
- -- 
[*205°111] = maxp'(PR,.Q) (1) 


b . #24412 . *231-13.D 

t:Hp.3.0*P — P*(PR,.Q) = {C*P —(PReQ)} ¥ (PRs) — P“(PR,Q)} « 
[4234°18.%205111] D.sc(P,Q)R=(C'P — PR,.Q) v maxp(PR,.Q) (2) 
F.(1).(2).54. Prop 
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«234182. ΚΕ: PeSer. Q, econnex. R“C°QCC'P.D. 
> _ - 
limaxp‘(PR,,.Q) = minp‘se (P, Q)‘R 


Dem. 
+. *207°51.3+:.Hp.3:a=limaxp(PR,.Q) .=.2¢C'P Pg = P*( PR,.Q) » 
—> -9 
[4234174] =.06COP. Ρῳ -- ΟΡ np P"se(P,Q¥R (1) 
Ε. 200. 52. 9 
= [1 δε [Π € [ Τὰς € 
t:Hp.weO*P.Pia=C*P a p! Pi sc (P,Q R.D CoP HCP a pi Psc(P,QYR. 
[*40°2. Transp | D.qisce(P,Q)R. 
~ - 
[*40°62] D>. OP api Psc (P, OY R =p! P sc (P, Q)R. 
—> —> 
[*13°12] >. Pa = p'Pse (P, QR (2) 
Εν *22°621.9 
— = - - 
ΕἸ Pia = p'P*'sc (P,QYR.D. Pa=CP api P“se (P, QR (8) 


Ε,(2).(8).95Ἐ:-.Ἐρ.Φε  Ρ.5.: 

-- - - - 

Pa= OP a p{P“se(P, QR. =. Pia=p'P se (ΒΡ, ΟΥ κα (4) 
F.(1).(4).D 
ts. Hp. dia= limaxp"(P RecQ). 
[*205°67 | 


= = 
ceCP. Pa=p'P“sc(P, QR. 
~e=minp‘sc(P,QYR:. D+. Prop 


4234-188. | : Hp *234°18 .sc(P, Q\R=A.D.PR,,Q=O'P.~ EL BP 
[¥234°181-121] 
*2342. +:P,,eSer.R“CQCC’P. Qyeconnex.). 
03 (P, QR = {mins(PR,Q) — PR,.Q} v {maxp'(PR,Q) — PR,.Q} v 
{maxp(PR,,Q) a minp'(PR,,Q)} 
Dem. 


-- - -- 
Ε. #284181. D+: Ηρ. D.08(P, 0).Ἐ-- (01 ~ PR,.Q) v maxp(PR,.Q)} 9 
wo -Ὁ wv 
(C&P — PR) ἡ minp(PRQ)} (1) 
Εν #231201. 3+:Hp.>.(C*P — PR,.Q) a (CP — PR,.Q) =A (2) 
F.(1).(2). DF. Prop 
-» _ > veh 
#234201. + : Hp *234°2.3.08(P,Q)‘R C maxp(PR,.Q) v minp(PR,.Q) 
[*234-2] 
#234202. +: Hp *2842.D.0s(P,QyReOulv2 
[284-201 . #205°681 . *60°391] 
#234203, +: Hp *2342. PR,.Qe1.>. | 
os (P, Q)‘Re1.os(P, Q)'R = t'maxp(PR,,Q) = i‘minp"(PR,.Q) = PR,.Q 
[*231-:193°103 . *#205°68 . *234°2] 
4234-204. +: P,,eSer. PRyQ~e0U1l.d.08(P,Q)R=A [*234-103] 
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#23421, t:Hp#2342.PR.Q=A.2. " 
os (P, 0). = maxp(PR,.Q) v minp(PRQ) 


Dem. 
F.x20511111.5 
-Ψ ΙΝ ΜΝ -} ¥ = 
F: Hp. >. maxp(PR,,Q) C — (PR,.Q) « minp(PR,.Q) C — (PRacQ) (1) 
F. (1). #2342. 3+. Prop 


#23423, | :. Hp *2342.PR,Q~¢1.08(P,Q)‘Rel.d: 
PRegQ= A. 08(P, QB =t'maxr(PRyQ).~ E! minp'(PRQ) «v. 
os (P, Q)' R= t‘minp(PR,.Q)»~ Et maxp(PR,.Q) 


Dem. 
+. #234108.D+:Hp.>.PR,Q=A (1) 
~> _ > ve 
[*234-21] >. 038 (P, Q)'R = maxp(PR,.Q) ν minp(PR,.Q) (2) 


F.x5241.5+:PR,Q={A.E!maxp(PR,.Q).E! minp(PR,.Q) 2. 


-- ὡς > v_ 
{max p(PR,.Q) v minp'(PR,,Q)} ὦ εἴ (3) 
Ε.(4). (2). (3). Transp. 9 


ks. Hp. 3:~E! maxp(PR,.Q).v.~ E! minp(PR,.Q) (4) 
Ε. (2). *205°681. Dt: Hp. :E! maxp(PR,,Q).v. ἘΠ᾿ minp'(PR,.@) (5) 
Ε-().(2). (4). (δ). DF. Prop 
4234-24. Εἰ PeSer. Qy ¢connex. R“C°QCC’'P.D: 

os (P, Q)‘Re1.D.08(P, Q\ R= t'limaxp(PR,.Q) = “liminp(PR,,.Q) 

Dem. 

Ε. #234203 . #207-42 . 9 
t:Hp. PR,,Qe1.3.08(P, ΟΕ = tlimaxp(PR,.Q) =tliminp(PR,.Q) (1) 
b .*234-23 . #211°728 . 207-42. 9 
b: Hp. PR,,Q~e1.D.08(P,Q)‘R=tlimaxp'(PR,.Q) =tliminp(PRyQ) (Ὁ) 
F.(1).(2).9F. Prop 


#234241. +: Hp #2342. 08(P,Q)'Re2.3.PR,Q=A 


Dem. _ 
Εν *234°103 . DF: Hp.>.PR,.Qe0vl (1) 
+ . #234203 . Transp. Dk: Hp. >. PR Q~rvel (2) 
F.(1).(2). DF. Prop 


#234242. +: Hp *234°2.08(P,Q)'Re2.). 
os (P,Q) R= t'maxp(PR,.Q) v twin p( PR,.Q) «max p(PReeQ) Py min p'(PR,Q) 
Dem. 
Εν #234201 . #2053. +: Hp. >. Et maxp(PR,,Q) . E{ minp(PR,.Q) . 
maxp(PR,.Q)+mine'(PR,Q) Ὁ 
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Ε. κ93494115. Db: Hp. >. PR,.Q = 0'P - PB,.Q. 


[*211'8.(1)] >. maxp'(PR,.Q) = max (P,.)(PRsQ) « 

min (PR,,Q) = seq (P.9)(PR.Q) « 
[%206°5.%201°63] >. {max p(PR,.Q)} (Poo {minp(PR,Q)} « 
[#121254] > . {maxp'(PRyQ)} P, {minp'(PR,.Q)| (2) 


F. (1). (2). *234201 . DF. Prop 
#234243, Ε: Hp *23424.q!os(P, QR... 
E! limaxp(PR,.Q) . E! liminp\(PR,.Q) 


Dem. 
+. #234202.5D+: Hp.D.08(P, Q)Relvu2 (1) 


Ε. (1). #234°24-242 . >. Prop 
4234244. Ε: Hp #2342. P2= P.D.08(P,Q)'Re0vul 
Dem. 
Ε. 234242202. : Hp #234-2.08(P,Q)\Rve0U1.3.q1P, (1) 
+. (1). Transp . #20165. DF. Prop 
423425. Ε: Ηρ 2342. P'=P.qtos(P,Q‘R.2. 
os (P, 0). = t‘limaxp{PR,.Q) = Uliminp'(PR,,Q) 
[κ934.944:94] 
4234251. Ε: Hp #23424. limaxp(PR,.Q) = liminp(PR,,.Q) >. 
os (P, Q)‘R = tlimaxp'(PR,.Q) = t‘minp'se(P, Q)'R = t‘maxp‘se (P, QR 


Dem. 
Ε. #23418. %207'51.9 


+: Hp.3>. sc (L’, 9). = OP — Prtimaxp'( PRA) - 


sc (P, OY R= CP — Piminp'(PR,.Q) « 
[Hp.*202'101] D.os(P, 0.,ΠΕ - ΟΡ κα tlimaxp(PR,,Q) - 


[*51-31] = t‘limaxp(PR,.Q) (1) 
[*234-182] = U'minp‘se (P,Q) R (2) 
[4) P| = Umax p*sc (P, OVA (3) 


F.(1).(2).(3). Ὁ. Prop 

*23426, Fi.Hp*2342.P?=P.d: 
ἢ tos(P, QR. =.08(P, 0.7. =t‘limaxp(PR,.Q) - 
.08(P, QR = t‘liminp'(PR_oQ) + 
. 08 (P, Q)‘R = t“minp‘sc (PQ)‘R. 
. os (P, Q)‘R = tSmax psec (PQYR . 
= . limaxp‘(PR,,Q) = liminp'(PR,.Q) 

[4234-25-251-182 #51161] 


" 


Hil 


SECTION C] CONTINUITY OF FUNCTIONS 137 


*2384-27, +: Ηρ *284-24.2¢e083(P,Q)‘R-O'P,. 3.7 limaxp"(PR,,.Q) 
Dem. 


b. 234-24 .Db:Hp.os(P,Q)Rel.d.2= limaxp‘(PR,,Q) (1) 
Εν #234242. 2+: Hp.os(P,Q)\Re2.3.«=limaxp(PR,,Q) (2) 
#234202 .D+:Hp.D.os(P, Q)\Relv2 (3) 


F.(1).(2).(3). DF. Prop 
4294271. Ε: Hp 423424. σε 08(P,Q)'R—D*P,.>.2=liminy(PR,Q) 


P 
| #234 27 Ἢ 
π284.270. +: Hp 5.294.24. α εο8(,. ΟΥ ΚΕ -- ΟΡ... 
w = limaxp(PR,.Q) =liminp'(PR,,Q) [κ93427.21}] 
The remaining propositions of the present number are for the most part 
immediate consequences of those already proved. In order to obtain, from 
propositions already proved, propositions concerning the limit of a function as 


the argument approaches the limit of some class of arguments a, we only have 
to substitute Qyfa for Ὁ. In order to obtain the limit of a function as the 


- 
argument approaches a given term a, we take ὡ “ἃ in place of ᾧ. 
«2343. ti.vesc(P,Qy[ a) R.=: _, _, 
reOPraP, Ww. dw. (qy).yeanCOn Th. R(an οι) C Pro w 
[#2341] 
#234301. Ετι Qf aeconnex.3:.c¢08(P, Qf aS Ra DSPadP.=: 
veDPadPixve P(z-w).2,4- 
«- 
(qy) yeanCQadR. (αι οι CP (2z—-w) 
[234-12] 
*234°31. +:P,,¢Ser. Qy[ «econnex. Ra aCQCCP.3. 
OP —se(P,Qyl ay R= CP a p'Pyose(P, Qxl aR = PO (PRQ)sofa 
[234/174] 
#234311. Ε: Hp *23431.3.0¢P=se(P,Qxf a Ru P“PRQ) 0%. 
sc (P, Qyt a) Rn P“(PRQ) (a= A. 
sc (P, Vet a) R = CP — P\(PRQ)sct 
[234-18] 
#234312. F:. Pe Ser. Qyf @econnex. RM(an OQ)CCP.D: 
E! (PRQ)imx’t. Ξ . ἘΠ minp‘sc (P, Ομ. aR. 


Ξ (PRQ) mx‘ = minp‘sc (P, Qyf a)‘R 
[234/182] 


#23432. ΕἼ: P,,eSer.Qy[ aeconnex.R“(anC‘Q)CO'P.9:(PRQ),.“a61.3. 
08(P, Oxf a) R= (PRQ)oq4a = Umaxp'(PRQ),.‘a= minp(PRQ)-a 
[234-203] 
R&W II 47 


738 
*234'321. 


SERIES ~ [PART V 


F :: Hp *234°32 . 08 (P, Qyf a)'Rel.D:.(PRQ)save1.3: 


(PRQ)oq’a = Δ : 08 (P, Qy ft α).Ε = tSmaxp(PRQ) fa. +E! minp(PRQ) cfc» 


#234322. 


#234329. 


#23433. 


#*234°331. 


4294. 34. 


*234°35. 


*234°361. 


*234'362. 


*234'4., 


*234°41. 


v.os(P, Qf a) Rh = Uminp(PRQ) eof ~~ E! maxp(PRQ)sfa 
[4234-23] 
ΕΞ Hp x234'312. 08 (P, Qyfa)‘Rel.>. 
08 (P, Quel αν =U PRQ)enx!t = U(PRQ) ing [423424] 
ΕΞ Hp #23432 .08(P, Qyb 4). 2.3. 
08 (P, Quel a) R = t‘max ΡΟ), κα ν Uminp(PRQ) ga « 


{maxp"(PRQ)xc‘a} P, (minp(PRQ),.«a) 
[*234-242] 


F: Hp «23432. P=P.qtos(P,Qyf aR... 

os (P, Qyl a) R= t(PRQ) nxt = (PRO) ng‘a [234-25 
bs Hp #234312 « (Ρ 0), α =(PRQ)img'@ «> « 
08 (P, Qa) = t(PRQ) ins --ἰ (ΡῈ 0). α 


= ifminp‘sc (P, Qf a)“R = t‘maxp‘se (P, Qel aR 
[*234°251] 


Fi. Hp «23432. ΡΞ Ρ.5: 

Ἢ tos(P, Qe aR. = .08(P, Ql a) BR = t(PRQD tnx {Os 
.o8 (P, Oy f a) R = t(PRQ) rmx‘ . 
» (PRQ)tmx'4 = (PRQD mx 


i 


" 


[*234-26] 
bk: Hp #234312 . 2 e08(P, Qyt α).1-- OP, .D.e2=(PRQ)mx‘e 
[*234°27 ] 
ΕἸ Hp #234312. xe 0s(P, Qyl a) R —D*P,.D.0=(PRQ)im, a 
| «28435 P| 
Fs Hp #234312 .2c¢0s(P, Qf a‘R—COP,.2. 
a =(PRQ)img‘e =(PRQ)imx’t [*234°35°351] 
—> 
F:.aesc(P, Qxl Ὁ... ἢ.Ξ: 
~ - 
“ε 0}: ο . Do (Ay) ye Q and R.R“Qy bk ας δι. cw 
[#2343 . (#121°012)] 
bt: Qetrans. Οχ Q'aeconnex.2:. . 
xeos(P, Qut Q'a)'B oDPadP.=:c2eDPadP: 
-- 
we P(2-—w). 2, ὦ «(ν)θ.ψ εα α ΤΕ. R“Qyra) CP (ε-- ἡ 
[κ234.301. (#121-012) . #20118] 
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-ψ 
κ294.42,. Γ΄: PeSer.Qetrans. Qf Q‘aeconnex. Req COMP .3: 
> - 
R(PQ)‘a = minp‘se (P, Quel Q'ayR [234182] 
~> 
*234°421. b:. P,,eSer. Qetrans. Qf Q‘a  connex. πόζα ςσ.,!}Ρ.: 
ΒΡ, οι  φ) τ Λ.3. Ε(ΡΟ)α - ΒΡ [*234183] 
4234-422. Ε: Ηρ #28442. Pe Ded. >. R(PQ)a=liminp‘se(P, Qxt 0}. 
[κ238.18.. κ984.49] 
-ψ 
κ294.438, +: Hp *234-42.08 (P, Qf ΘΕ ε1.32. 
=> - 
08 (P, Ομ} Qa) =UR (0) ,α τ ΚΕ (ἤρ α [4294822] 


4234439, | : Hp Κ934.491..ο5(Ρ, Qt O'a)'Re2.D. 
os (P, Gel Οὐ --  (ΡΟ)αν κὶὰ (PQ)a . 
(R(PQ)‘a} P,{R(PQ)a} [*284°329] 


-Ὁ 
423444. ΕἸ Hp 4234-491. P?= ΡΟ ἢ 108 (Ρ, Ομ} Q'a)'R. >. 
08 (P, Qt Οἷα). = 'B(PQ)a=UR(PQ)a [#23433] 


4234441, Ε: Hp #23442. R(PQ)‘a=R(PQ)a.>. 
-- Na 
os (P, Qyt Q'a) =U R(PQ)‘a =0°R(PQ)a [234331] 


¥23445, +:.PeSer.Qetrans. Qyt Q’aeconnex . μόρᾳ COP, P=P.d: 
tos (P, Qt Qa) R. =. 08(P, Ql Qa) R=UR(PQ)a. 

08 (P, Oy Q'a)' R= UR (PQ\a. 

_R(PQ)'a= R(PQ)‘a [#234°34] 


ill 


—> 
423446, +: Hp 234-42. ccos(P, Qt Q’a)R-CO'P,.>.2=R(PQ*‘a 
[234-35] | 


> ww 
4234-461. | : Hp #23442 . « cos(P, Qyt Q'a)'R — D‘P,. >. = R(PQ)a 


yal 
| #234 46 P| 


-- 
"234462. Γ : Ηρ *234°42 .2e0s(P, Οὐ 9}. -- ΟἼΡ,.32. 
g=R(PQYYa=R(PQ)a [κ284.40.461] 


42345. br aect(PQ)R.=. R'acos(P, Ομ ὦ). -- ΠΡ, — [(#234-08)] 
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---- 
423451. ΕἸ: ε trans. Q,[Q%aeconnex. ἴα ΕἸ Ρ  Ρ.3:. 
aect(PQ)YR.2:Ra~neCP,: Rac Ρ (4 --ὐὐ. ὅς, ὦ. 


—> 
(ay). yeQan TR. RQ(yHa)CP(e—-w) 
em. 
Εν #23454. 58.31.9 
Fir Hp. D:.aect(PQYR.=: ἰα ΕὉΡ κα ΤΡ — CP: Roae P (2 —w). 2, ὦ. 
— 
(qy)-yeQanTR.RQ(yralCP(e-w). RtaCP(z—w) (1) 
Εν (1). #121242. 55. Prop 
— > 
*234°62. Γ:. PeSer. Qe trans. Qy[Q‘aeconnex. R“QaCC*P.d: 
aect(PQYR.D.R(PQ)a=R(PQ)a= Ra  [*234°462'5] 
—> 
#234521. | : Hp *234°52.aect(PQ)R.D.08(P, Qyl Oa) ‘R=u' Ria 
[*234°441°52 ] 
294. 522. F:. Hp #23452. P=P.d: 
aect(PQ)R.=.R(PQ)a= R(PQ)a= Ra 


Dem. 
F.*234°45 9 
ν -- 
Fi Hp.d: R(PQ)\a= fh (Ρ),.α τ Ra. Ὁ. ο5(.. Oxf Oa R= Ra. 
[234-5201 °65] > .aect(PQ)R (1) 


Εν (1). κ284δ5. D4. Prop 
Ἀπ 294. 53, (:: P,,econnex.Qetrans. α -- ΒΡ... 
aect(PQYR.=: BhP~we ΠΡ :weT'P.d,. 
- - 
(ιν). ψεφία α Th. πο (γετιαὴ)ς Ρῖ 
Dem. 
F #234122 . %53°'31 . %234°5 . D 
Fs: Hp. d:.aect(PQ)R.=: ΒΡ ΝΡ, (BP) Pw. dy. 
> «- oe - — 
(ay) ye Yan TR. R“(Osn'y n Oa) CP, ω. Ra Pw 
[*202°522.%205°253.%201:18] =: BSP~e D*P,: 
- > 
we‘ P. Dy. (Gy) yeQan Th. R“Q(yH a) CP, ‘wiz D+. Prop 


#23464. b:aect(PQ‘R.D.aceURnQ,“OR. RaeOP 
Dem. 
Εν #284°5-1 . (#23402). DF: Hp. >. Βα ΟΡ (1) 
F.(1). #2845 . (*234'02). 2 
> v - 

Ε:ΗΡ.9:Ὲ} ἐβο( ΡΟ ΓΚ aDiP.v.gtse(P, Qf Q, ‘ax ΟΡ: 
[4234142] 3: q!0,‘an QR: 
[487-46] DiaeQ, AR (2) 
Ε΄ (4). #1421. 433-43.9+:Hp.d.aeOR (3) 
F. (1). (8). (3). DF. Prop 
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#23455, + .~ {rin (0.0), 5} ε οὐ (ΡΟ).Ε)]  [%284-54. Transp] 
*234:56, +: Hp *234'52.aect(PQ)‘R.O. 
.- 
(ΡΕΟ). 'αεθυ] ELR(PQ)}a. R(PQ)ane ΟΡ. πα -- R( PQ) 


Dem. 
—_> 
Εν #2345. DE: Hp.d.qlos(P, Of Qa R. Rare CP,. 
-_ 2 
[*234°103] D.(PRQ).QiacOvul. Bane CP, (1) 
Εν 823452. 5DF:Hp.>d.Ra=R(PQ)a. Et R(PQ)a (2) 


F.(1).(2). 94. Prop 


*234:561. Ε: P,QeSer.aect(PQYR.a=lte(an 64}. ROa COP.>. 
(PBQ) me‘ = RG=(PRQ)nxt [#233515 . #28456] 
*234°562. Γ: P, Qe Ser. ltg(an T‘R)e ct (PQYR. R“(an CQVCCP.D. 
(PRQ) mx! =(PRQ)inx‘a = Βαιρα —_ [#238-516 . #23456] 


That is, 2f a is any class of arguments having a limit at which the function 
is continuous, then the limit of the function, as the argument approaches the 
limit of the set of arguments, is the value of the function for that limit. 


2846. +:aecontin(PQ)'R.=.aect(PQ)R act (POYR [(*234-04)] 
> 
*234°61. b::P ¢Ser. Qetrans. Qf Q%a econnex. Rfae hPa U'P. 9:3. 
aecontin (PQ) R.=: Rave OP: Race P(e-w)-Iz ὦ. 
D (ayy) ce Qiy-y)- yy e TR. RQ yHy)CP@-w) 
em. 


+. *238451.5F:: Hp.d:.a@econtin(PQyYR.=: 
Rae DP a UP —CP,: Rae P (2-w). 92 ὦ. 
-- «- 
(ayy) yeQanTdTR.yeQandhR. 
RQOyRayRQlany)CP(z—-w) (1) 
F. (1). #20119. %20217. D+. Prop 


#23462. Ὁ :. Hp *234°61.Pe trans. R“Oac C'P.>D:aecontin(PQyR.2. 
R(PQ)'a = R(PQ)'a = B(PQ)'a= R(PQ)'a= Rea 
[#234-52°6] 
#23463, | :.Hp*28462.P2= P.>:aecontin(PQ)Rh.=. 
R(PQa=h (PQ)‘a =f (PQ)\a =R (PQYa = Réa 
[#234-522°6] 
#23464. τ: Hp «234-62. Rae D‘P an d‘P.3:.aecontin(PQ)R.=: 
Rae OP —OP,: Rae P(z-—w). 22,2 


(ayy) yy eTR.aeQiy—y) BQ yy) CP (z—-w) 
[*234°51°6] 


7142 SERIES [PART V 
"234-7, +:RePeontind.=.qiCQnd‘k.O6Q ἃ GRC contin (POR 
[(*234'04)] 


«234-71. F:Re Pcontingd.2.RfCQel—+Cls. R“CQCCP 
Dem. 


Εν #234°7°6°5 2D 

Fi. Hp. d:aeCQn ΟΕ... Rac os (P, Qu Qo) R- 
[*234-1] 2. RacCP. (1) 
(xl 4-21] 2. E! Ra (2) 
b.(2).871:572. OF: Hp.d.RPCQel1 sCls (3) 


Ε.(1). (2). #8761 DF: Hp. >. ΚΟ a ΘΓ ΟἽΡ (4) 
Ε. (3). (4) . #38726... Prop 


*234°72. Ε:. PeSer.Qetransnconnex. Re Pcontind.>: 
aeC'Qnd'‘R.2,. B(PQ)‘a= R(PQ)a= RB (PQ)\a= R(PQ)a= Rea 
[*234'62°7] 
#23473. b::PeSer. P?=P.Qetransn connex.>:. 
Re Pcontind.=:q!CQa TR: aceCQn 1 Ε.3,.. 
R(PQ)'a= R(PQ)'a= R(PQ)'a= B(PQ)a= Ra 
Dem. 
Ἐ.κ2894.7}11. ΕἸ Hp.d:. Re Poonting .=: qi CQa Gk. R“CQCCP: 
aeOQan GSR.2,.aecontin (PQ)‘R: 
[#234638] =: q!1C Qn GR. RCQCOP:aceCQan TR.D,. 
R(PQ)a=R (PQYa=R(PQ)Ya = R(PQ)a=Ra (1) 
+. *233°401'101.3 
FraceCQadR.D,.R(PQ)a= Ra: d:acCQa dh. d,.RacCP: 
[437-6126] 5: R“COQCOP (2) 
Ε. (4). (2). > +. Prop 


